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BELOW —Installing the 30° Lock 
Joint supply line for Ciudad Trujillo 
in the Dominican Republic. This line, 
undamaged by shocks which destroyed 
many structures in the vicinity, gave 
unimpaired service throughout the 
severe carthquake of 1946. 


RIGHT—Damacge attending the rup 
ture of a larce water main ina 
crowded community. 


ONE SLIGHT FLAW IN A PIPE 


may develop the proportions of a major 
catastrophe when an important water 
line ruptures in a crowded area. Utilities 
can be impaired, property flooded, traf- 
fic stalled, business lost, life endangered. 
A bad break in more ways than one, but 
a break which could be avoided by using 


normal ground settlement but traffie vi- 
brations and variations in temperature. 
The high factor of safety assured by its 
time-tested design of reinforcement pro- 
vides for every pipe an abundant reserve 
against water hammer and pressure 
surges. Experience shows conclusively 
that Lock Joint Pressure Pipe does not 


Lock Joint Pressure Pipe. fail. 

Lock Joint’s water-tight expansion When planning your next water sup- 
joints built into every section of pipe — ply main—specify Lock Joint Concrete 
provide unrestrained flexibility under — Pressure Pipe—the pipe with a proven 
back loads to accommodate not only — record of safety. 


Est. 1205 
P.O. Box 269, East Orange, N. J. 
Pressure Pipe Plants: 

Wharton, N. J. © Turner, Kan. ¢ Detroit, Mich. 
RRANCH OFFICES: Casper, Wyo. « Cheyenne, Wyo. «+ Denver 
Col. ansas City, Mo. «+ Valley Park, Mo. «+ Chicago, Il 
Rock Island, Ill. + Wichita, Kan. + Kenilworth, N. J. + Hartford, 
Conn. « Tucumeari, N. Mex. « Oklahoma City, Okla. « Tulsa, Okla 
SCOPE OF SERVICES—Lock Joint Pipe Company spe- 
cializes in the manufacture and installation of Reinforced 
Concrete Pressure Pipe for Water Supply and Distribu- 
tion Mains in a wide range of diameters from 16” up as 
well as Concrete Pipe of all types for Sanitary Sewers, 
Storm Drains, Culverts and Subaqueous Lines, 
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The Symbol for Service, Quality 
and Performance in Water Meters 


Ss 


ROCKWELL 
EMPIRE TYPE 12 
METER 


The First Meter 
to be fully 


INTERNALLY 


HERE'S HOW IT WORKS WHEN METER FREEZES... 


ALL FARTS SEPARATE 


In all other meter designs the interior parts 
are bolted together and, in some, the interior 
assembly is directly attached to the 

meter casing at the stuffing box. 

In the Empire Type 12 meter alone, the 
interior castings are jointed and held together 
without the use of screws or bolts. Thus, when 
an Empire meter freezes, the bottom plate 
breaks and the parts all come apart. They 
are then free to move with the expanding ice 
and are thus protected against strain or 
distortion. This money saving feature of 
Empire Type 12 meters is fully described in 
bulletin W-802. Write for your copy today. 


...and the EMPIRE TYPE 14 
AN ALL-BRONZE METER FOR WARM CLIMATES 


Especially designed for use below the frost belt. All-bronze construction 
presents many advantages including ability to combat electrolytic 
action. Exclusive design using oscillating piston principle has fewer 
working parts than any other meter. Described in bulletin W-801. 


Mustrating how the interior cast- 
ings of the Empire Type 12 meter 
ore free to separate when the 
frost bottom breaks so as to pro- 
tect against damage tothe work- 
ing parts from exponding ice. 


ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH 8, PA. Atlonta Boston Chicago Houston Kansas City 
Los Angeles New York Pittsburgh San Francisco Seattle Tulsa 
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%Proportioneers% 
design permits ad- 
justment of feeding 
rate while feeder is 


Famous ‘’See-Thru’’ 


plastic measuring 
chamber — corrosion- 

proof, for practically 

any treating chemical 

or slurry. 


Roller or ball bear- 
ings on all rotating 
shafts. 


“Oil bath” lubrication 


3 —change the oil once a One-piece mechanism 


ear—no grease cups or 
fittings to worry of Mechenite 
about. 


Get Bulletin 1225-1 for full details on %Proportioneers% Heavy 
Duty CHEM-O-FEEDER, the chemical proportioning pump that’s built 


better to serve better. Consult your telephone directory or write to 
Y%PROPORTIONEERS, INC.%,366 Harris Ave., Providence 1, R. |. 


*Furnished complete with all installation accessories. 


Technical service representatives in principal cities of the United States, Canada, Mexico and other foreign countries 
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PROPOATIONEERS INC.% 


Smith Hydronts deliver more water because the 
friction loss within the Hydrant has been reduced 
to the practical minimum. This is achieved by: 
1. Oversize Tapered Standpipe; area is more than 
200% of Valve Opening. 2. Streamlined design 
of Standpipe and Nozzle Outlets. 3. Valve Open- 
ing is free from obstructions. 4. Rigid quality 
control, uniform, smooth castings. Many other 
outstanding features are. incorporated in Smith 
Hydrants. Write for details. 


EAST ORANGE. NEW: JERSEY. 
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The Ford Copperhorn provides a 
permanent, solidly lined-up setting 
for basement meters installed on 
vertical pipe lines. Even when 
meters are changed, the piping 
remains connected. 


The meter is set horizontally and 
at the most convenient height for 
easy reading. Smooth waterways 
see diagram at right cut pipe 
friction or pressure loss to less 
than half that through ordinary 
fittings. Economy and permanent, 
trouble-free service is assured. 


FREE Send: for Cat- 


alog that shows the. 
complete Ford line of 
economical meter 
setting products. 


FOR BETTER 


BASEMENT SETTING 


WATER SERVICES 


THE FORD METER BOX COMPANY. INC. Wabash, Indiana 


Note the smooth ll- 
copper waterways that 
reduce friction to a 
minimum. Connec- 
tions optional for either 
copper or iron pipe. 
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Yes—you can specify steel pipe 
with less wall thickness 


ITUMASTIC 70-B Enamel—when ap- 
B plied to a thickness of 3/32”—pro- 
tects the exterior of pipe from the 
corrosive action of the soil in which it 
is buried. It is much more economical 
to use this protective coating than to 
specify pipe with greater wall thickness 
in order to allow for future corrosion. 

For instance, if it were calculated that 
a 3/8” wall would provide sufficient 
structural strength for a given pipe line, 
it would be unnecessary to specify a 
5/8” wall to compensate for corrosion. 
The use of Bitumastic 70-B Enamel 
would do away with the need for the 
additional 1/4” of steel—a substantial 
saving. 

Besides specifying less wall thickness, 


you protect it 
with BITUMASTIC® 70-B ENAMEL 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 606-T, Pittsburgh 19, Pa. 


District Offices: Boston, Chicago, Los Angeles, New York, Pittsburgh, and Woodward, Alabama 


LINED AND COATED PIPE 


you can use smaller pipe by applying 
Bitumastic 70-B Enamel. A spun lining 
of this enamel keeps flow capacity high. 
So you don’t have to buy over-sized pipe 
to allow for future “shrinkage.” 

Give your community this two-way 
savings on your large-diameter water 
lines by specifying strong, durable steel 
pipe, lined and coated with Bitumastic 
70-B Enamel. If you wish, our Contract 
Department will handle the entire coat- 
ing job for you at the job site. Write for 
full information. 


BARE PIPE 
Coating of Bitumastic 70-8 Enamel 
Lining of Bitumastic 70-8 Enomei 
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Installed in 
Grandfather’s Day— 
Still Providing Full 
Community Protection 


MATHEWS 


HYDRANTS 
Made by R. D. Wood Company 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manvfacturers of “Sand-Spun" Pipe (centrifugally cast in 
sand molds) and R. D. Wood Gate Valves 


@ Mathews Hydrants are 
built to last. They are so 
simple and well con- 
structed that there’s vir- 


tually nothing to go wrong. 


Maintenance is easy, too, 
Operating thread be 
lubricated during spring 


and fall inspections, 


® When the time comes to 
modernize, it is a simple 
matter to remove the old 
barrel and replace it with 
a modern one. The job is 


done in a few minutes 


without digging or break- 


ing the pavement. 


No Other Hydrant 
Offers So Many 
Essential Features 


Compression type valve prevents 
flooding « Head turns 360° « Re- 
placeable head « Nozzle sections 
easily changed « Nozzle sections 
easily raised or lowered without 
excavating « Protection case of 
“Sand-Spun”’ cast iron for strength, 
toughness, elasticity » Operating 
thread only part to be lubricated 
e All working parts contained in 
removable barrel « A modern bar 
rel makes an old Mathews good as 
new « Available with mechanical 
joint pipe connections 
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VALVES 
with 
RING SEALS 


eliminates repacking 


and tightening! 


Maintenance is reduced to a mini- 
mum on Mueller Gate Valves with 
“O” Ring Seals replacing conven- 
tional packing. The lower “O” ring 
is the pressure seal and is iocated 
below the thrust collar. The upper 
“©” ring is the dirt seal and is located 
above the thrust collar. The space 
between the “O” rings is filled with 
a special lubricant to permanently 
lubricate the thrust collar and “O” 
rings each time the valve is operated. 
“O” rings have proved to be highly 
effective and do not deteriorate — 
assuring a long-life pressure seal. 


Mueller Gate Valves are fully bronze 
mounted and all working parts are 
made of special high grade bronze 
for maximum corrosion resistance. 
“O” Ring Seals furnished, when spe- 
cified, at same price as conventionally 
packed valves. Meet AWWA speci- 
fications. Contact your Mueller rep- 
resentative or write direct for details, 


MUELLER CO. 


Dependable Since 1857 


CHATTANOOGA, TENNESSEE 
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THIS CITY STREET CAVED IN when 
a water main broke. It’s a 
dramatic, but not an unusual 
example of what water does to 
road bedding. 

Protect your roads and pipes from 
the problems of leakage by 
Centrilining. This patented 
process thoroughly cleans and 
centrifugally lines pipes with 
cement mortar. Leakage, 


Write today for free booklet 


CEMENT-MORTAR LININGS FOR PIPES IN PLACE 


Wide World Photo 


this could happen in your town 


tuberculation and interior 
corrosion are permanently checked 
... Carrying capacity and 
distribution pressure are increased 
to “better than new” highs. And 
the whole process is done with 
pipes in place . . . no excavation 
... no traffic disruption. 

With Centrilining you can save 
your water mains. . . and 
Streets too. 


3,000,000 FEET ({steqet) OF EXPERIENCE 


CENTRILINE CORPORATION 


A subsidiary of Raymond Concrete Pile Co. 
140 CEDAR STREET, NEW YORK 6, N. Y. 


Branch Offices in Principal Cities of United States and Latin America 


* 
{ 


ity highly endorses 


Badger Meters and 


Testing 


That’s what the mayor of one IIli- 


nois city wrote to another, adding: You will find a Badger Meter size 
“Operation of these meters has and type for every waterworks serv- 
always been satisfactory and main- ice. Shown 
tenance-cost very reasonable . . . (for warm climates), a _— 
A-I1OT (for cold climates)... 
in our meter shop, a Badger Test- 


sizes 94" to 144" ... other models 
in sizes up to 12". Write for com- 
plete information and prices. 


ing Machine enables us to see the 
quality of our work, which was 
not possibie before we bought the 
Testing Unit”. 


In over 5000 communities, water- 
works men know that “It pays to 
BUY BADGER”, 


ANOTHER NEW Badger Chart, No. 696 
(Practical floor plan for a large meter repair 
shop). Available without cost or obligation. 
WRITE today for ibis chart. 


BADGER METER MFG. CO. 


Milwaukee 45, Wisconsin 


BRANCH OFFICES: 
New York City ®@ Philadelphia © Worcester, 
Mass. @ Savannah, Ga. @ Cincinnati ¢ Chicago 
Kansas City, Mo. © Waco, Texas 
Salt Lake City, Utah © Portland, 
Ore. @ Seattle, Wash. @ Los Angeles 


L 
ACCURACY « LOW-COST MAINTENANCE * DURABILITY - SENSITIVENESS 
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INDUSTRIES 


Keep B-I-F Industries Equipment in the picture 
for precise metering, controlling, and feeding. 


e 
NEW ENGLAND REPRESENTATIVES: 
HENRY M. MAUTNER, Manager 
G. H. LAMPREY — Maine 
R. H. GRUNER — New Hampshire and Vermont 
JOHN M. D. SUESMAN — Rhode Island and Eastern Massachusetts 
L. S. BRICE, JR. — Western Massachusetts 
F. A. SHAW — Connecticut 


FOR YOUR CONVENIENCE: 


Boston office —832 Little Building, 80 Boylston Street, Boston 16, 
Mass. Telephone : HAncock 6-1060. 


Home office —345 Harris Ave., Providence 1, R. |. Telephone 
GAspee 1-4302. 
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BUILDERS 


FAIRBANKS-MORSE SERVES 
HISTORICAL CONCORD 


3 Stage Fairbanks, Morse-Pomona 


The Fairbanks, Morse Fig. 6977, water lubricated, deep well turbine 


pump, pictured above has been supplying water to the town of Concord 
faithfully since its installation in 1949. 


Set in a 24” gravel packed well, 75 feet deep and using a combination 
drive—electric motor, gasoline engine and right angle gear, the pump 
normally operates at 700 GPM at 150’TDH but can, and has, supplied 
Concord’s entire demand of 900,000 GPD. 


A trained Fairbanks, Morse Engineer is on hand to help solve YOUR 
pumping problems. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue Boston 10, Massachusetts 
Telephone: LAfayette 3-3600 
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GEOLOGIC FACTORS AFFECTING THE YIELD OF 
WELLS IN SOUTHERN NEW ENGLAND* 
BY R. V. CUSHMAN, W. B. ALLEN AND H. L. PREE, JR+ 


ROCK 


[Read February 15, 1951.) 


INTRODUCTION 


In its ground-water investigations in codperation with the 
Connecticut State Water Commission, the Massachusetts Depart- 
ment of Public Works and the Rhode Island Development Council, 
the United States Geological Survey receives a variety of inquiries 
pertaining to the procurement of a water supply from bedrock for 
rural homes, industrial plants and municipalities. “Where shall | 
drill?”, ““How deep must I drill?”, and “How much water will I 
obtain?” are the questions most frequently asked. Those of you who 
have faced similar problems no doubt realize that in New England 
the answer is likely to be different for each request. The factors 
that determine the occurrence of ground water are not as apparent 
in New England as in regions where geologic structures remain 
unchanged over large areas, and where the bedrock is not mantled 
by an extensive cover of overburden. 

Lacking occult powers and “X-ray eyes,”’ as well as sufficient data 
of a scientific nature regarding the physical and hydraulic character- 
istics of bedrock at most localities, we can provide only general 
answers to these requests. The possibilities of obtaining water sup- 
plies may be expressed as averages, computed from data collected 
from drillers and owners of rock wells in New England. Statistica! 
analysis of the well records is helpful in understanding the results 
obtained by drilling in rock. The purpose of this paper is to show 
how certain geologic factors affect the yield of wells in bedrock and 


*Published with the approval of the Director, | S. Geological Survey 
tGeologists, U. S. Geological Survey, Ground Water Branch 
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how these effects may be recorded statistically. Basic data are ob- 
tained from a correlative study of the records of about 2,000 rock 
wells, locally called artesian wells in southern New England. Only 
those wells that end in and obtain water from the solid rock or bed- 
rock are included. All are cased at least as far as the bedrock sur- 
face. Many of the wells considered have been drilled since about 
1930. The records for most wells are accurate, but are limited in 
scope and provide only a minimum of basic data. 


The Geological Survey is making ground-water investigations 
in coOperation with the States of Connecticut, Massachusetts and 
Rhode Island, and maintains offices at Middletown, Boston and 
Providence, in those respective States. The studies are financed 
by equal appropriations from the State and Federal governments. 
They are under the supervision of M. L. Brashears, Jr., District 
Geologist for the Ground Water Branch of the Geological Survey in 
New York and New England. This paper is a codperative project 
of the three offices of the Geological Survey in New England and is 
based on data obtained from their open files. Additional information 


was furnished by the three codperating State agencies and by other 
State agencies. The assistance of well drillers and property owners, 
without which this report could not have been written, is gratefully 
acknowledged. 


OCCURRENCE OF GROUND WATER IN Rocks 

Ground water, or well water, is that part of the subsurface 
water that occurs in the zone of saturation. It is derived essentially 
from rain and snow melt that percolates into the soil and moves 
downward to the subsurface reservoir. It is estimated that an aver- 
age of about one-sixth of the precipitation in New England reaches 
the zone of saturation and is available for withdrawal from wells. 

Ground water moves under the influence of gravity and is 
always discharged at a lower level than the area of intake or re- 
plenishment. In New England replenishment generally occurs in 
interstream areas and the natural discharge is to streams, lakes and 
other bodies of surface water. The upper surface of the zone of 
saturation is called the water table. In New England the water 
table is a few feet to as much as 100 feet below the land surface, and 
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rises and falls from season to season and year to year in accordance 
with variations in precipitation, surface runoff, withdrawals by wells, 
and other related factors. 

Within the saturated zone, ground water is in pore spaces or 
other openings in rocks. The water-bearing properties of rocks are 
determined largely by the nature and size of these openings. In 
granular deposits, such as the unconsolidated glacial drift of New 
England shown in Plate 1, water is contained in primary openings 


PLATE 1.—PLEISTOCENE OUTWASH AT PLAINVILLE, MASSACHUSETTS 
(Photograph by Alonzo W. Quinn, Brown Univ., Providence, R. I.) 


or pore spaces, which may constitute as much as 50% of the vol- 
ume of the drift. Thus, beds of coarse-textured drift are highly per- 
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Bedrock unknown 


Triassic igneous rocks 


Triassic sedimentary rocks 


Carboniferous sedimentary rocks 


Poleozoic limestone 


Pre-Triassic crystalline rocks 


Q 19 22 Miles 


Scale 


WORCESTER 


Fic. 1—GENERALIZED GEOLOGIC Map or SOUTHERN NeW ENGLAND. 
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meable and usually yield large quantities of water. In contrast, 
most of the solid rocks of New England contain less than 1% of 
pore space and have low permeability, which limits the movement 
of ground water. Nearly all the water in bedrock is contained in 
secondary openings such as fractures. 


BEDROCK OF SOUTHERN NEW ENGLAND 


The bedrock of southern New England consists of igneous, 
metamorphic and sedimentary rocks, that may be divided into a 
number of recognized geologic formations. However, because nearly 
all the consolidated rocks in New England have a porosity of less 
than 1% (though sandstone of Triassic age has an average porosity 
of about 7%), a detailed sub-division of the geologic formations 
is of little significance in discussing the occurrence and movement 
of ground water. For the purposes of this study the consolidated 
rocks of southern New.England have been divided into the five groups 
shown below (Fig. 1): 


Pre-Triassic crystalline rocks; 
Paleozoic limestone; 
Carboniferous sedimentary rocks; 
Triassic sedimentary rocks; 
Triassic igneous rocks. 


The rocks of pre-Triassic age are largely metamorphosed and 
have been greatly altered from their original sedimentary or igneous 
character. The metamorphic rocks are complexly intermingled with 
igneous rocks, the group consisting chiefly of granite, granite gneiss, 
gneiss, and schist. They are generally known as crystalline rocks 
and are widespread throughout southern New England, as is shown 
on the accompanying map (Fig. 1). 

The limestone of Paleozoic age is chiefly dclomite marble. These 
rocks are, in effect, crystalline rocks, as they have been recrystallized 
from original sediments. However, they are considered separately 
here, because they consist in large part of comparatively soluble 
minerals and generally have larger and more numerous secondary 
openings. They form a discontinuous belt in western Connecticut 
and Massachusetts. 


. 
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Included in the third group are the Carboniferous rocks of the 
Boston, Worcester, Woonsocket and Narragansett basins. They con- 
sist of tightly folded and metamorphosed conglomerate, sandstone, 
arkose, shale, and slate. In general they have undergone a lesser de- 
gree of metamorphism than the other pre-Triassic rocks. They 
occupy troughs or basins bounded in part by depositional or fault 
contacts with older crystalline rocks and in part by intrusive contacts 
with younger igneous rocks. 

The youngest consolidated rocks in southern New England are 
the Triassic sedimentary and igneous rocks. The Triassic sediments 
are the distinctive red sandstone, shale, and conglomerate that un- 
derlie most of the broad Connecticut River lowland in Connecticut 
and Massachusetts. They constitute a series of parallel strata, sepa- 
rated by more or less definite bedding planes, and are interbedded 
with several thick layers or flows of dense basalt or “trap” rock. The 
“trap” rock is more resistant to erosion than the red sediments and 
generally stands up as ridges in the otherwise nearly flat valley floor. 
CONDITIONS AFFECTING THE ACCURACY OF RESULTS 

Although this study of geologic factors affecting the yield of 
rock wells was made with an attempt at obtaining maximum accu- 
racy, it is realized that certain conditions exist that affect the accuracy 
of the results obtained. The first of these conditions concerns the 
reliability of the records used. The writers selected wells for which 
reasonably accurate records are available. Many wells were eliminated 
from the study because complete. records were not available. How- 
ever, because some of the data were obtained directly from written 
records of well drillers and owners, and others were based on the 
inemory of drillers and owners, the degree of accuracy may vary with 
the source. 

A second condition that influences the accuracy of the results 
to a great degree is the difficulty of isolating the effect of a singie 
iactor on the yield of a rock well. Material was assembled in each 
phase of the study to indicate the effect of some particular factor 
on yield, as, for instance, the type of overburden. Yet all the other 
factors, such as topography and structure, also control the yield to 


some extent and are difficult to remove from the calculation. More 
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accurate results might have been obtained if wells could have been 
chosen for each table so as to eliminate all but one effect. However, 
owing to limitations of time and accuracy of well records, it was im- 
possible to do this. 


Thirdly, the reported yield of a well is dependent upon the accu- 
racy and completeness of the pumping test used to determine that 
yield. The yield of the majority of wells probably was determined 
by a bailing test, wherein the driller bailed water out of the well 
in a standard bailer and found that he could remove—for example— 
5 gallons of water per minute. Unfortunately there are no prescribed 
rules for testing the yield of a well, and drillers vary the rate and 
duration of bailing or pumping from well to well. It is probable 
that the reported yield was enough to satisfy the needs of the well 
owner, but that in nearly all instances it represented only a fraction 
of the possible yield of the well, if a more exhaustive test were con- 
ducted, or if the well were more fully developed. Furthermore, a 
large number of the wells included in the study are wells drilled to 
supply a moderate amount of water for rural homes. When the de- 
sired yield was obtained, drilling was stopped. In contrast, a much 
smaller number of wells were drilled for industrial plants requiring 
larger quantities of water, and drilling was therefore continued until 
either the desired yield was furnished or the funds allotted for drilling 
were exhausted. It is probable that figures for the average yield of 
wells obtained in the study are too small, and that most rocks could 
yield more water if the wells were drilled deeper and developed; 
therefore, the figure for average depth of wells in a given type of 
rock, based on all the data, is lower than the average depth neces- 
sary to drill for maximum yield. This is clearly shown in the fol- 
lowing table, which compares the yield of all wells in Triassic sedi- 
ments with such data for 44 industrial wells tapping these rocks in 
Hartford, Conn. 

Number Average Average 
Unit of wells depth (feet ) yield (gpm ) 
All wells in Triassic sediments 553 19.8 
Industrial wells in Triassic sedi- 
ments in Hartford, Conn. 51: 131.8 
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Factors AFFECTING THE YIELD OF Rock WELLS 


The amount of water that may be pumped continuously from 
a well in bedrock is dependent upon the quantity of water entering 
or recharging the rock and the rate at which it will move through 
the rock to the well. The amount of precipitation that enters the 
rock is controlled in part by the topography and surface vegetation, 
which affect the amount of surface runoff. The amount and the 
rate of entry are determined also by the infiltration capacity of the 
overburden or soil material. The type of overburden and its thick- 
ness also control its transmitting and storage capacity. Finally, the 
rate at which water will move into and through the bedrock to the 
well is controlled by the type and structure of the rock itself. The 
larger and more numerous the fractures and the greater the extent 
to which they are interconnected, the greater the yield. 
The effect on the yield of rock wells of these several factors- 

namely, rock type, structure, topography, and depth and type of 
overburden—are therefore discussed in detail. 


Rock Type 


Nearly all the consolidated rocks of southern New England are 
dense and compact and have a porosity of less than 1°7 (Triassic 
sandstone has an average porosity of about 7‘/ ). Thus, the primary 
physical characteristics of the various rocks have little effect on the 
relative yield of wells. However, because of characteristics associated 
with internal structure the various rocks react differently to geologic 
iorces imposed on them subsequent to their deposition and consoli- 
dation. Secondary openings capable of transmitting and storing water 
are thus developed to a greater extent in some rocks than in others. 
For instance, fracturing of the coarser-grained and more brittle rocks, 
such as granite and trap rock, generally produces wider and more 
continuous joint openings than fracturing in finer-grained rocks. In 
contrast, planes of cleavage are better developed and more closely 
spaced in the finer-grained rocks. Thus, rock type has an impor- 
tant bearing on the development of secondary openings and conse- 
quently on the yield of rock wells. 
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Structure 


Almost all the rocks have some structural planes along which 
openings capable of transmitting water may be developed. In south- 
ern New England the most prominent secondary structures are joints. 
The most common type of joint is that which dips at an angle greater 
than 45 from the surface, here called a vertical joint. These joints 
intersect each other at various angles and break the rock into irregular 
polygons. The width of opening varies with rock type and ranges 
from that which is scarcely visible to several inches. The spacing 
of vertical joints is usually 5 to 10 feet, but may range from a frac- 
tion of an inch to as much as 200 feet. The width of vertical joints 
and the number of joints decrease with depth, owing to increased 
pressure and the resulting decreased opportunity for lateral expan- 
sion. Thus, there is a greater circulation of water in the upper part 
of a given joint than in the lower part. This is an important con- 
sideration in the drilling of wells in consolidated rocks, as it is often 
thought that more water can always be obtained by deeper drilling. 
Actually, the deeper a well is drilled below a certain depth the less 
is the chance of striking fractures. 

A second type of joint is horizontal or nearly horizontal. Such 
joints are due to the process known as sheeting and are well developed 
in the more massive rocks, particularly granite. The joint surfaces 
are more or less conformable to the ground level, being convex upward 
on the hills and concave upward in the valleys. Those in the valleys 
thus form shallow basins which are ideal for the collection and stor- 
age of ground water. The spacing of horizontal joints is more regular 
than that of vertical joints but their number and width diminish 
rapidly with depth. It is probable that they do not exist at depths 
much below 300 feet. Above this depth there is a widespread inter- 
section of vertical and horizontal joints, affording opportunity for the 
lateral transmission of water from one joint to another. Plates 2, 3 
and 4 illustrate the types of joints common to New England rocks. 

Openings along other structural planes, such as those of schis- 
tosity or cleavage, are of secondary importance. They are well de- 
veloped in the softer rocks like schist and separate the rock into 
irregular thin layers. They dip at all angles, but usually at greater 
angles than in the major sets of joints. 
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PLate 2.—Ruoper ISLAND FORMATION aT PLAINVILLE, MAss., SHOWING VertTICAL JOINTS 
(Photograph by Alonzo W. Quinn, Brown Univ., Providence, R. 1) 


Because circulation of ground water in the bedrock of southern 
New England is confined mainly to fractures, a comparison of the 
yield of wells in the various rock types may be used as a measure 
of the abundance of these fractures and their size and degree of 
interconnection. This comparison is made in Table 1. The table 
shows the average depth and yield of wells in the various rock units 
in southern New England. The major rock units are arranged in 
order of decreasing average yield. This order is followed in Tables 
2 and 3 also. The wells included in Table 1 are in rocks overlain by 
all types and thicknesses of overburden in all topographic locations. 
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PLATE 3.—Ruope ISLAND FORMATION AT PLAINVILLE, MAss., SHOWING BEDDING AND 
JoINTING. 


(Photograph by Alonzo W. Quinn, Brown Univ., Providence, R. 1.) 


Thus, it is hoped that the effects of these factors on yield have been 
equalized and that the relations shown in Table 1 are due only to the 
effects of geologic structure and rock type. The data show that the 
belt of metamorphosed limestone in the western part of the area has 
the highest average yield of the water-bearing units for which statis- 
tical data are available. Though the limestone is usually more irregu- 
larly fractured than the more massive rocks, the fracturing is closely 
spaced and interconnecting, thus offering easy passage for circulating 
ground water. Many fractures have, in addition, been enlarged by 
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PLate 4.—TRIAssiIC SANDSTONE AT PORTLAND, CONN., SHOWING SEEPAGE OF WATER (Dark 
AREAS) FROM JOINT AND BEDDING PLANES 


solution, as the calcium carbonate constituting the bulk of the rock 
is readily soluble in water containing carbon dioxide. The combina- 
tion of shattering and solution has produced more open space than 
in any other type of rock and is reflected in the high average yield. 
An altered phase of the limestone encountered in several localities 
consists of a coarse-textured cellular rock, that is reported to yield 
large quantities of water to wells. 


It should be pointed out, however, that the large figure for the 
average vield of wells in limestone, 177 gpm, is misleading not only 
because of the effect of the well of largest yield, as noted in Table 1, 
but as an indication of the comparison between limestone and other 
rocks. About one-third of the wells included in the average for lime- 
stone are deep wells, drilled for industrial purposes demanding larger 
quantities of water than are needed for most domestic wells. Sev- 
eral of these wells are known to penetrate the cellular zone of the 
limestone. In contrast, the number of industrial wells included in 
the average for the other rock units is generally less than 5‘. The 
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TABLE 1.—SUMMARY OF DEPTHS AND YIELDS OF WELLS ENDING IN THE SEVERAL 


Rock Units 


No. Rangein Average Rangein Average 
of depth depth vield yield 
Rock unit wells (feet ) (feet ) (gpm) (gpm ) 


Limestone 34 30-2 346! 1-1,700 177.0° 


2. Carboniferous sedi- 
mentary rocks 480 38-1,500 292 0- 500 32.7 

3. Triassic sedimentary 
rocks 553 25-3,700 199 O- 760 19.8 
4. Crystalline rocks* 799 27- 850 155 O- 180 14.3 
a. Granite 70 60- 770 231 O- 180 37.7 
b. Granite gneiss 156 27- 447 i75 1- 100 11.7 
c. Schist 37 31- 850 125 1- 150 10.3 
d. Gneiss 211 35- 503 128 l- 150 9.0 
e. Not identified 325 29- 789 150 O- 163 14.4 
Triassic igneous rock 86 35- 500 130 1l- 60 11.2 


All rock units 1,952 25-3.700 20! 0-1,.700 


Median depth 241 feet 
‘Median yield—-19 gpm. 
‘Wells in sub-units a through e included in total for crystalline rocks. 


median depth and yield of wells in limestone as shown in Table 1 
may be more representative of the water-bearing capacity of the 
formation. 

The Carboniferous sedimentary rocks of the Narragansett and 
Boston basins rank second among the major rock units in produc- 
tiveness, and the Triassic sediments are a distant third. The com- 
paratively large average yield of wells in these rock units may be 
attributed, in part, to well-developed systems of joints and to equally 
well-developed openings along bedding planes. 

In order to obtain an idea of the comparative yield of the several 
types of crystalline rocks, wells that could be identified with sub- 
types are listed according to the four main groups into which the 
crystalline rocks, in southern New England are divided—granite, 
granite-gneiss, schist, and gneiss. Not all of the wells penetrating 
crystalline rocks could be identified with a sub-type, and those not 
identided are included together as a fifth unit. The data show that 
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the average depth of wells in granite is much greater than in other 
crystalline rocks and that granite is by far the most productive aqui- 
ier, yielding more than three times the average for the other crys- 
talline rocks. This would suggest that the number of fractures con- 
tributing to any one well is much greater in granite than in the other 
crystalline rocks and that the interconnection of vertical and hori- 
zontal joints is more continuous. The average yield of wells in 
granite-gneiss is considerably less than that of wells in granite 
and not much greater than the average yield from schist or gneiss. 
The lower yield in these rocks is probably due to the more irregular 
development and connection of vertical and horizontal joints. 

In all cases but one it is seen that for rocks of a larger average 
vield there is a correspondingly greater average depth of well. 

Based on the same data employed in Table 1, Table 2 is arranged 
to show the variation of yield with depth. When the data are con- 
sidered collectively, it is seen that there is an average increase in the 


TABLE 2.—AVERAGE YIELD, IN GALLONS PER MINUTE, OF WELLS WITHIN 
SpeciFIeED Limits oF DEPTH ENDING IN THE SEVERAL Rock UNITS 


Depth, in feet 


Number 100 or More 


Rock unit of wells 101-200 201-300 301-500 than 500 


less 


Limestone 34 7.9 12.3 138.0 238.5 516.1 
2. Carboniferous sedi- 

mentary rocks 480 10.7 14.2 30.2 58.0 58.5 
3. Triassic sedimentary 


rocks 553 10.5 12.7 30.1 63.4 161.3 
4. Crystalline rocks! 799 12.5 12.5 18.8 20.4 39.3 

a. Granite 70 37.4 37.0 54.7 26.8 43.5 

b. Granite gneiss 121 9.5 9.7 13.7 26.9 —- 

c. Schist 21 6.4 9.2 4.5 —— 

d. Gneiss 162 7.6 8.0 9.4 15.8 - 

e. Not identified 425 12.5 12.7 15.9 16.4 38.7 


‘Triassic igneous 
rock 


All rock units 


'Wells in sub-units a through e¢ included in total for crystalline rocks 


86 8.2 11.3 20.9 24.0 —~ 
FS 1.952 11.1 14.2 25.2 38.1 58.2 a 
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amount of water obtained with an increase in depth, for the limits 
of depth shown. Likewise, this same general increase with depth 
is noted in the yield of most rock types. This conclusion might have 
been reached in advance of the compiling of the data. As a well is 
drilled deeper, it intersects more water-bearing fractures, which add 
to its total yield. However, it is also remembered that the number 
and size of opening of these fractures decrease with depth. The 
problem then arises of determining the depth below which the cost 
of deeper drilling is not justified by the smaller increase in yield. 
The data in Table 2 would indicate that this limit is deeper than 500 
feet in most rock units. It is believed, however, that the figures in 
the upper limits of depth are somewhat misleading. Drillers do not, 
as a rule, ascertain or record the number and the location of the water- 
bearing fractures intersected by a well. Thus, much of the water in 
deep wells may seep in from upper levels, and such wells should 
perhaps have been listed under a shallower-depth limit. Well drillers 
and others engaged in subsurface probing in southern New England 
have noted that there are certain limiting depths below which there 
is a decreasing probability of finding water-bearing fractures. These 
depths appear to vary with the type of rock. Some drillers report 
the limit to be about 250 to 300 feet in crystalline rocks and about 
500 feet in Triassic and Carboniferous sedimentary rocks. 


A third table has been prepared for the same data. Table 3 shows 
the percentage of wells within specified limits of yield in the various 
rock types. It is to be noted that only 3% of the wells inventoried 
were complete failures or yielded less than 1 gallon per minute. Like- 
wise, only 10°% of the wells yielded more than 50 gpm. The largest 
percentage of wells is in the range of yield of 1 to 20 gpm, and more 
than 50% of these yield 1 to 10 gpm. The fewest failures are in 
limestone and in Triassic sedimentary and igneous rocks. The great- 
est number of failures appear to be in the crystalline-rock group. 
Topography 

A third factor to be considered is the effect of topography on 
the yield of wells in southern New England. Well drillers in the 


area and drillers and geologists in other sections of the country indi- 
cate that the yield of many wells in valleys or plains is greater than 
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TABLE 3.—PERCENTAGE OF WELLS, WITHIN SPECIFIED Limits oF YIELD, IN THE 
SEVERAL Rocks UNITs 


Yield (gallons per minute) 


Dry 
Number or less l 5 10 20 More 


Rock unit of wells than 1 to5 tolO to20  to50 than 50 


Limestone 34 0 24 6 29 12 29 


2. Carboniferous sedi- 
mentary rocks 480 3 27 18 13 20 19 
3. Triassic sedimentary 
rocks 553 1 22 32 23 12 10 
4. Crystalline rocks! 799 4 38 21 20 13 4 
a. Granite 70 3 13 14 14 39 17 
b. Granite gneiss 121 3 42 25 15 12 3 
c. Schist 21 0 28 37 15 0 0 
d. Gneiss 162 6 44 24 22 3 l 
e. Not identified 425 3 34 19 22 13 4 


Triassic igneous rock 


All rock units 1,952 3 30 24 19 14 10 


1Wells in sub-units a through e included in total for crystalline rocks, 


that of wells on hills. The most probable reasons for this relation 
have been stated by Herrick and Le Grand' as follows: 


(a) Less surface runoff and consequently more direct influent 
seepage occurs in valleys, owing to the flatter terrain. 

(b) Influent seepage occurs from upland surface runoff. 

(c) Influent seepage occurs from upland rock slopes beneath the 
residual material. 

(d) Greater total void space is available for storage of ground 
water, as a greater thickness of residual material is com- 
monly present. 

(e) Many valleys are associated with faults and other parting 
planes, along which water circulates. 


The figures in Table 4 appear to bear out this relation. It is 
shown that the average yield of wells in valleys and on plains is 


IHerrick, S. M., and Le Grand, H. E. Geology and ground-water resources of the Atlanta area, Ga 
Georgia Geol. Survey Bull. 55, pp. 11-12, 1949. 


5. 86 l 35 34 19 9 2 
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TABLE 4.-—AVERAGE DEPTHS AND YIELDS OF WELLS IN VARIOUS TOPOGRAPHIC 
LocATIONS 


Number Average Average 
Topographic location of wells depth (feet ) vield (gpm ) 


Valleys 71 339 91.9 
Plains 315 331 57:9 
Slopes 503 198 18.8 
Hills 138 188 


Not identified 


1,063 


155 


9.6 
All 


locations 1,952 201 


considerably greater than that of wells on hills. Furthermore, the 
average yield of wells in valleys and on plains is higher than the aver- 
age yield of all wells in all locations. 
Depth and Type of Overburden 

The bedrock or “ledge”? in southern New England is overlain in 
most places by a varying thickness of unconsolidated material. Pre- 
dominantly all this material is glacial drift, a deposit formed during 
the advance or the wasting of the ice sheet that once covered New 
ingland. The upland areas are commonly covered by till, a hetero- 
geneous deposit of sand, boulders and clay. Till is commonly known 
to drillers as “hardpan”. As the rock materials making up the till 
are usually poorly sorted, water passes through it rather slowly. 
The valley areas are underlain by the washed material or outwash 
deposited by the melt-water of the ice sheet. As a result of the 
washing action, beds of sand and gravel were deposited in terraces 
or fans along the edges of the melting ice lobes in valleys or were 
spread out in broad plains over lowlands. The finer particles were 
partly removed and the remaining materials were sorted in varying 
degrees to form a more or less highly permeable deposit. However, 
where sizable lakes of melt-water were created, as in the Connecti- 
cut River valley, the finer material accumulated as clay or silt, which 
has low permeability. 

The type and thickness of this overlying layer of drift may affect 
the yield of wells in the underlying rocks. The drift serves as a 
storage reservoir for precipitation. If permeable, it may transmit 
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large quantities of this water downward to the fractures of 
the rock, especially when a well is pumped. If highly imper- 
meable it may limit the amount of available recharge to these 


fractures. The available data show, in Table 5, that the average yield 


TABLE 5.—AVERAGE YIELD, IN GALLONS PER MINUTE, OF WELLS ENDING IN 
TRIASSIC SEDIMENTS BELOW SPECIFIC Types AND LIMITS OF 
THICKNESS OF GLACIAL DRIFT 

Thickness of drift, in feet 
All 101 


Type of drift wells I5orless 16to30 31to60 61to100 ormore 


Sand and gravel 13.0 11.6 13.0 
Clay 13.6 8.7 15.7 
Till 10.4 9.9 09 


All glacial drift 10.5 11.6 


ot wells in Triassic sediments overlain by stratified sand and gravel 
is 13 gpm; where the sediments are overlain by clay it is 13.6 gpm: 
and where they are overlain by till it is 10.4 gpm. Thus there seems 
to be but little difference in the average yield of Triassic sediments 
mantled by the several types of overburden. Wells in rock lying 
beneath till show a slightly smaller average yield. This lower yield 
may be due to the less permeable nature of the till, which increases 
surface runoff, thereby making less water available for movement into 
cracks in the bedrock. Or again, it may be due to the topography, 
till commonly occurring in upland areas. The highest average yield 
is for wells beneath clay. Clay is of low permeability, like till, so 
that the higher average may reflect mostly the topography, because 
the clay occurs principally in valleys. 

It is not altogether surprising that wells in rock below the several 
types of overburden do not show a greater difference in average yield, 
when one considers the difficulties of isolating the effect of the type 
of overburden from the other factors. No matter how permeable the 
overburden may be or how much water is stored in it, the rate at 
which this water is transmitted to the well depends upon the number 
and the size of openings of the fractures in the bedrock at its upper 
surface. Where the capacity of the overburden to transmit water 


13.4 12.8 13.5 : 
16.5 10.8 10.9 
12.2 9.3 9.3 
ee 13.8 10.9 12.0 
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is exceeded by the intake capacity of the bedrock in the vicinity of 
the well, then the former can have an important bearing on yield. 
In this case the yield of the well is dependent upon the average per- 
meability of the overburden in a vertical direction. Under these 
conditions it might be expected that wells in rock lying below the more 
permeable sandy gravel deposits would yield larger supplies of water. 

The data in Table 5 are arranged to show the variation in aver- 
age yield of wells in Triassic sediments with thickness of the three 
types of glacial drift. It can be seen that in general the average 
yield changes little with increasing thickness of overburden. Again 
this might have been anticipated, as the thickness of unconsolidated 
material is of secondary importance to the permeability. An increased 
thickness means an increased storage capacity, but not necessarily an 
increased water-yielding capacity in the underlying rock. 


LOCATION OF WELLS 


It is impossible to compose a set of rules for choosing the most 
profitable location for a well on a given property. Where there is 
limited space to drill a well, convenience determines the location. 
However, the well should be as far from contaminating influences as 
possible. Where there is a choice of locations several factors should be 
considered. 

(1) Where more than one type of rock underlies the property, 
a well should be located in the type that is known to yield the larger 
amount of water, on the average. For example, where Triassic sedi- 
ments adjoin crystalline rocks along the margins of the Connecticut 
River valley in Connecticut and Massachusetts, wells should be lo- 
cated in the larger-yielding Triassic material. 

(2) Because larger yields are obtained from wells in valleys 
where glacial drift is thickest, this location should be chosen in pref- 
erence to a site on a slope or hilltop. 

(3) There is some chance that a larger yield may be obtained 
where sandy gravel deposits overlie the rock; therefore, wells should 
be drilled through these deposits rather than through clay or till. Of 
course, where a sandy gravel deposit attains some thickness, the 
deposit itself should be explored for water instead of the bedrock. 
This is sometimes ignored in drilling operations. 
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Deptu or WELLS 


Though the wells range in depth from 25 to 3,700 feet, few are 
more than 500 feet deep. About 80 wells out of 100 are between 50 
and 250 feet, though the depth varies with the type of rock penetrated. 
For maximum yield, an average depth somewhat greater than 200 
feet is indicated. 

YIELD OF WELLS 


There is always a chance that a rock well will not obtain the 
vield desired from it. The average well in southern New England 
yields 22.7 gpm. Only 3‘ of the wells fail to yield 1 gpm, but only 
10‘% yield over 50 gpm. About 73 wells out of 100 yield between 
1 and 20 gpm. In general there is an increase in yield of wells 
with increase in depth, but a decreasing probability of finding water- 
bearing fractures below certain depths is indicated for certain rock 
types. In crystalline rock this limiting depth appears to be about 250- 
300 feet; in Triassic and Carboniferous sedimentary rocks, about 
500 feet. Thus if a well has reached a depth of 300 feet in crystalline 
rock and no water-bearing fractures have been struck, the chances of 
finding water are better if a second well is begun in a new location. 
Where a well has progressed to these depth limits and is yielding a 
small but insufficient amount of water, the yield may often be in- 
creased by modern methods of development. Techniques such as 
surging and wire-brushing and the use of dynamite and dry ice are 
reported to improve the yield of a well, sometimes by as much as 
100%. 
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GROUND-WATER STUDIES IN RHODE ISLAND* 
BY WILLIAM B. ALLEN** 


[Read April 17, 1952.) 


ABSTRACT 


Ground-water studies conducted by the U. S. Geological Survey 
and State agencies as a coéperative program since 1944 show that the 
most prolific sources of ground water in Rhode Island are the de- 
posits of sand and gravel located along rivers and in preglacial, buried 
valleys. Such deposits are found in the eastern part of Providence 
and Kent Counties and scattered throughout Washington County. 
Yields of 2,700 gpm have been reported from the glacial deposits— 
five times the best yield reported from the bedrock formations. 
Ground-water surveys of Rhode Island show that an estimated aver- 
age of about 25 mil. gal. of water is pumped daily from wells in the 
State. On the basis of an average annual precipitation of about 39 
in. and an area of 1,058 sq. mi., the amount of water reaching the State 
is about 700 billion gallons yearly on the average, or about 1,900 
mgd on the average. This amount is many times the present ground- 
water pumpage, but the actual availability of this water for such 
pumping depends on how much of it can and does percolate to the 
various and several ground-water reservoirs. It is expected that the 
more detailed studies planned and in progress for different parts of 
the State will afford answers to that question. 


Ground-water supplies are found in underground reservoirs or 
“aquifers.” Such aquifers store water and serve as pipe-lines or 
filters for the movement of water from points of higher pressure to 
points of lower pressure. A knowledge of their functions is essential] 
for balancing withdrawal and recharge. 

Recent methods of increasing ground-water supplies are induced 
infiltration from streams and artificial recharge. Both devices are 

*Publication authorized by the Director, LU. S. Geological Survey, and the Khode 
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common in the New York-New England area, but are used only occa- 
sionally in Rhode Island. 


Problems of overdevelopment involve the reservoir and pipe-line 
function of aquifers. Such problems are commonly corrected by re- 
location or more adequate spacing of wells. 


Contamination of ground water by unusable surface water and 
brackish sea water is highly important. In Rhode Island rapid strides 
in the abatement of stream pollution are being taken by the Black- 
stone Valley Sewage Authority, the State Department of Health and 
allied agencies. An inflow of salt water from Narragansett Bay has 
occurred in Providence, Warren and East Providence. Corrective 
measures suggested are to build up the head of ground water by 
reduction in pumping, by spacing wells farther apart, or by artificial 
recharge. 

INTRODUCTION 


This paper has been prepared with the idea of presenting a 
general over-all view of the ground-water resources in Rhode Island 
and discussing geologic and hydrologic problems that affect the yield 
of ground-water reservoirs. Included also are some of the more 
recent ideas in the field of location, appraisal and development of 
ground-water resources, which are receiving more and more con- 
sideration with the passing years, because of the greater emphasis on 
development of ground-water supplies. 

The over-all purposes of the ground-water studies conducted in 
Rhode Island by the Ground Water Branch, U. 5. Geological Sur- 
vey, are (1) to ascertain areas capable of supplying large quantities 
of water for industrial and municipal development, (2) to deter- 
mine which of the readily available supplies are not being utilized 
fully, (3) to provide data leading to improved development and _ re- 
covery of ground-water supplies, and (4) to measure and study 
the trend of water levels in observation wells, in order to determine 
the balance between replenishment of the underground supply and the 
amount withdrawn artificially or discharged naturally. 

The work of the Ground Water Branch and geologic investiga- 
tions by the Geologic Division are being made concurrently in Rhode 
Island in codperation with the State Development Council. The Sur- 
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face Water Branch of the Geological Survey has a coOperative agree- 
ment with the State Department of Public Works, Division of Rivers 
and Harbors, to gage the flow of the principal rivers of Rhode Island. 
The original plan for ground-water studies called for the collection of 
information for individual areas corresponding to the U. S. Geological 
Survey 7!4-minute topographic map. Since the start of this phase 
of the program, reports have been published for the Pawtucket and 
Georgiaville quadrangles and field work has been completed in the 
East Greenwich, Bristol and Crompton quadrangles. In addition to 
these studies, comprehensive reports on ground-water resources of the 
cities of Providence and Woonsocket have been published, and less 
extensive studies have been made for several critical areas, such as 
Bristol County, Exeter, Mashapaug Pond, Goddard Park, and other 
localities (Fig. 1). 

In 1950 it was considered advisable to assemble for evaluation 
the many available data on ground and surface water for the entire 
State before continuing further with the detailed studies on a quad- 
rangle basis. Thus an over-all picture of the water resources could 
be obtained, to determine areas where ground-water supplies could 
Le utilized more fully. For this purpose a reconnaissance type of 
report was prepared, which will be released soon. 

Using data collected in the reconnaissance report, State and 
Federal codperating officials reéxamined the ground-water project in 
regard to completing the detailed inventory of ground-water resources 
by quadrangles within the next 5 years. It was decided that a con- 
siderable saving in both time and money could be made by conduct- 
ing studies in groups of quadrangles at one time rather than in one 
quadrangle. Such groups of quadrangles are shown in Figure 2. 
The first group project covers the northeast area or the Providence, 
East Providence, East Greenwich, Bristol and Fall River quadrangles. 
The grouping of quadrangles in other areas to be studied may be 
changed according to future needs for ground-water data. 

A very important part of ground-water investigations is the de- 
termination of the trend of water levels in observation wells. The 
location of the 53 observation wells currently in operation in Rhode 
Island is shown in Figure 3. Ground-water levels have been meas- 
ured periodically since 1944 in several wells at Providence, since 1946 
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in the northeastern part of the State, and for shorter periods at other 
wells in the State. In addition, recording gages at four wells in the 
Providence area give continuous records of the water-level fluctua- 
tion. In wells not equipped with recording gages, manual meas- 
urements are made at intervals of 1 month or less, to show seasonal 
Huctuations or to show trends in heavily pumped areas. Records for 
all observation wells in Rhode Island are published in the series of 
annual water-supply papers of the Geological Survey. All other 
ground-water data have been published by the State codperating 
agency or are placed in the open files of the Geological Survey Ground 
Water office in Providence, where they may be consulted by the public. 


AVAILABILITY OF GROUND WATER 


Rhode Island’s ground-water supply is dependent upon precipita- 
tion, part of which penetrates the soil zone and eventually reaches the 
water table. The form, intensity and total amount of precipitation, 
the topography, the kind of vegetal cover, the air temperature, and 
the absorptive capacity of the soil—all play interrelated rdles in 
determining how much water reaches and passes through the ground- 
water reservoir. 

“Aquifers” are underground reservoirs in either unconsolidated 
or bedrock formations. They differ greatly in shape, thickness and 
extent. Two important factors, among others, govern the amount 
and availability of water in the aquifers of Rhode Island. One is 
the porosity of the aquifer, or the ratio of openings to the total rock 
mass; it determines the capacity of the aquifer. The other is the 
permeability of the aquifer, or its ability to transmit water. Rocks 
that contain large interconnected pore spaces (sand and gravel, for ex- 
ample) are permeable and will yield water freely. Rocks that con- 
tain small pore spaces (shale, granite and other types of bedrock) 
are relatively impermeable and will yield water very slowly, unless 
their permeability is increased by the presence of fractures, joints 
and bedding planes. The permeability of any aquifer ordinarily 
varies from place to place, either horizontally or vertically, or both. 
‘Therefore, basic knowledge of the general geology of a region is essen- 
tial to an understanding of the ground-water resources. The rock 
formations in Rhode Island may be divided into two general classes: 
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the consolidated bedrock and the overlying unconsolidated surficial 
deposits. Ground-water conditions in these two groups are quite 
different. 

CONSOLIDATED Rocks 


The consolidated rocks or bedrock of Rhode Island consist of 
igneous, sedimentary and metamorphic rocks, which have been di- 
vided into a number of recognized geologic formations. However, as 
previously mentioned, the bedrock has low porosity and therefore a 
study of the various kinds of bedrock is of little significance. Of 
more importance are the fractures, joints and bedding planes, which 
control the yield and rate of recovery of ground water. These open- 
ings may be regular or quite irregular in occurrence and form. The 
factors that control storage and movement of water through openings 
of this type are topography, depth and type of overburden, and rock 
structures. Consequently the prediction, in advance of drilling, of 
the amount of water that may be pumped from bedrock is exceed- 
ingly difficult. Data on 787 bedrock wells in Rhode Island show that 
the consolidated rocks have produced about 22 gpm on the average 
and up to a reported maximum of 500 gpm.' The most successful 
rock wells are those that penetrate thick deposits of sand and gravel 
before entering the bedrock. Drillers of bedrock wells in Rhode 
island seldom encounter water-bearing fractures below depths of 300 
to 500 ft and therefore generally discontinue drilling if a suitable 
water supply has not been found by the time these depths have been 
reached. The yield of a bedrock well that is not supplying enough 
water may sometimes be increased by surging, swabbing, dynamiting, 
and use of dry ice in the well. The study of rock structures, both on 
the surface and underground, provides a basis for a more intelligent 
selection of well sites. Such studies include mapping of surficial de- 
posits, examination of rock cores and electric logging. 


UNCONSOLIDATED DEPpoOsITS 


The unconsolidated surficial deposits, largely resulting from 
Pleistocene glaciation, are composed of sand and gravel, and till 
About 85% of the State’s surface is covered with a veneer of glacial 


‘Wells that are reported to yield more than 200 gpm are believed to be withdrawing water from 
the overburden, 
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till, a heterogeneous mixture of clay, sand and larger rock fragments, 
the composition of which differs from place to place. In general, 
wells finished in till yield less than 2 gpm unless they also penetrate 
associated stringers of sand or gravel. Although much of the water 
pumped from farm and household wells is obtained from till, this 
material is not recommended as a source of moderate to large supplies 
of water. 

The unconsolidated deposits of sand and gravel are the most 
productive aquifers in Rhode Island because of their high porosity 
and permeability. The development of large ground-water supplies 
for municipal and industrial uses is restricted to areas underlain by 
sand and gravel. Extensive deposits are situated along rivers and 
in buried valleys, but many small aquifers are scattered elsewhere 
in outwash plains and deposits. About 15° of the State’s surface 
is covered by areas of promise for moderate to large ground-water 
development. These areas are shown in Figure 4. For example, in 
Providence and Kent Counties, areas of promise are largely restricted 
to the eastern part of the State. In Washington County such areas 
are scattered. In Bristol County they are located principally in 
Barrington. In Newport County there are no areas of promise. 

Ground water in the sand and gravel aquifers is contained in 
and moves through pore spaces between individual sand grains and 
therefore is usually not limited to narrow channels, as it is in bedrock. 
In Rhode Island no large-scale quantitative tests of these aquifers 
have been made, but detailed quadrangle studies in the northeastern 
part of the State have shown that aquifers in this area undoubtedly 
are far from being fully utilized. The same conditions are believed 
to exist in other parts of the State, except in a few scattered areas 
where wells have been placed too close together or where excessive 
pumping has drawn in salt water or surface water of undesirable 
quality. 

The yield of a well penetrating a sand and gravel aquifer is 
difficult to determine in advance, for such aquifers differ widely in 
permeability within relatively short distances, both horizontally and 
vertically. Yields of such wells range from 3 to 2,700 gpm and aver- 
age about 250 gpm. Expressed in the more convenient term of specific 
capacity, or yield per foot of drawdown, the yield of these aquifers 
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averages about 20 to 25 gpm per foot of drawdown. The so-called 
gravel-walled or gravel-packed wells, or modifications of them, in- 
crease the specific capacity of wells. At some sites the removal of 
medium to fine sand by proper development procedure results in 
“natural” gravel-packed wells. 


Usk AND POTENTIAL SUPPLIES 


Any study of ground-water resources should consider use and 
potential future supplies. With the continued increase in population 
and the variety of uses that industry is finding for water, we know 
that consumption is increasirg by large amounts. We do not know 
how much ground water was used in Rhode Island by past genera- 
tions, but we have a good idea of how much is used today. The aver- 
age daily consumption of ground water for all uses is estimated to 
be 25 mil gal. Of this amount, municipalities use about 12.3 mg, 
industries 10.4 mg, and homes and farms 2.3 mg. On the basis of 
an average annual precipitation of about 39 in. and an area of 1,058 
sq mi, the amount of water reaching the State is about 700 billion 
gallons yearly on the average, or about 1,900 mgd on the average. 
This amount is many times the present ground-water pumpage, but 
the actual availability of this water for such pumping depends on 
how much of it can and does percolate to the various and several 
yvround-water reservoirs. It is expected that the more detailed studies 
planned and in progress for different parts of the State will afford 
answers to that question. 

The first part of this paper has been devoted to a general over- 
all view of the ground-water resources in Rhode Island. The second 
part will deal with geologic and hydrologic problems that affect the 
vield of moderate to large ground-water reservoirs. 


THE ROLE OF AQUIFERS IN GROUND-WATER SUPPLY 

All aquifers have two primary functions, which must be recog- 
nized and differentiated if the available supply of ground water is to 
be properly evaluated. These functions are: to serve as a reservoir 
tor the storage of water underground, and to serve as a pipe-line 
or filter for the movement of water from a point of higher pressure 
to one of lower pressure. This statement is more fully explained 
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by Figure 5, which is a generalized diagram of a typical aquifer 
under natural conditions in a Rhode Island river valley. The diagram is 
generalized in that only one aquifer is shown and it is assumed to 
be composed of porous and permeable sand and gravel. As _ this 
idealized condition rarely exists, it is advisable to give serious con- 
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sideration to a full-scale hydrogeologic investigation before large- 
scale ground-water developments are made. Such a study might 
involve some or all of the following: geologic mapping, test drilling, 
geophysical prebing, pumping tests, chemical analyses of water sam- 
ples and quantitative studies of the amount of water available. 

Let us assume that the hydrogeologic study has been made and 
return to the generalized diagram. , It is decided to locate a well at 
point X. Here under natural conditions the aquifer is receiving in- 
low or recharge from three sources: 


1. Precipitation upon the land surface. 
2. Underflow from adjacent areas. 
3. Inflow of surface water during periods of flood. 


The natural output or discharge is in the form of: 


1. Seepage into the nearby stream, thereby maintaining its 
dry-weather flow. 

Underflow down the valley. 

Evapotranspiration from the land surface. 


bdo 


When the recharge and discharge are equal, the water level at point 
X will remain static. Natural fluctuations of the water table express 
changes in the rate of recharge or discharge and thus reflect changes 
in the amount of water stored in the aquifer. 

When a well is constructed at point X and pumped, the natural 
balance is upset. This is illustrated in Figure 6. Water first with- 
drawn from a well is largely from storage, the reservoir function of 
the aquifer being thereby utilized. As pumping continues the water 
level is lowered, just as in any surface reservoir. Hydraulic gradients 
are steepened or reversed, and the aquifer takes over its pipe-line 
function. Water intercepted in this manner might otherwise have 
passed naturally through the reservoir and been lost to use. The 
lowered water table may afford greater opportunity for rainfall to 
enter the aquifer and evapotranspiration may be reduced. If the 
amount of water pumped is equal to or less than the natural flow 
through the aquifer at the well site, the water level will stabilize and 
have no further decline. If, on the other hand, the amount pumped 
is greater than this natural flow, the water level will continue to decline 
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and the cone of depression will spread until it reaches the stream. 
Thereupon some of the stream flow will be diverted to the well, filter- 
ing through the sand and gravel of the aquifer, as shown diagram- 
matically in Figure 7. 


METHODs OF INCREASING GROUND-WATER SUPPLIES 


In recent years considerable attention has been given to methods 
of artificially increasing ground-water supplies in areas where there 
are definite indications of overdevelopment or where natural supplies 
are too small to permit expanded development. Other than the obvi- 
ous course of importation of water, the most favorable methods are 
induced infiltration from streams and artificial recharge. 


Where desirable and possible, infiltration from surface bodies 
may be purposely induced by constructing a well close to the stream 
or lake. In this manner large supplies of water can be obtained from 
the stream through its bed and through the sand and gravel of the 
aquifer. As low temperature is a valuable asset of ground water, 
wells may be located so that those nearest the stream are drawn upon 
during the winter, when the surface water is cold, and the wells farther 
away are pumped in summer. In some cases where the reservoir 
capacity of an aquifer in contact with a stream is small and other 
sources of recharge are limited, the aquifer may be made to act 
solely as a pipe-line and filter. Most of the water withdrawn from 
the formation by a well will then be infiltration from the stream, but 
the formation will act as a natural filter, to remove some or all of 
some unsanitary constituents. ‘Phe so-called water collectors, like 
those operated at industrial plants in Connecticut, are especially 
adapted for river infiltration. 

When all the above-mentioned sources of recharge have been 
considered in the study and the planned or actual discharge from 
the aquifer exceeds the recharge, as a last resort the available suppiy 
may be increased by artificial recharge. Among the structures used are 
spreading basins, which allow surface water to seep into the ground, 
infiltration trenches, which drain water from a surface source and 
convey it to underground storage, and recharge wells, through which 
new or used water is added directly to the aquifer. The first 
two devices usually cannot be employed in built-up areas, but re- 
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cliarge wells can be used anywhere that the underground hydraulic, 
geologic and economic considerations permit. In general, if ground 
water can be extracted, it can be replaced. Recharge through wells 
and spreading basins is being practiced successfully on Long Island. 
In Rhode Island recharge by wells is small at present. At New 
Britain, Conn., clear water from a nearby stream is spread over a 
vell field and percolates downward directly into the cone of depression 
created by pumped wells. 


PROBLEMS OF OVERDEVELOPMENT 


The foregoing paragraphs are concerned mostly with methods 
of increasing ground-water supplies, to show that there are several 
ways of handling such problems. However, the actual or potential 
local problems that have resulted from insufficient hydrogeologic data 
should not be minimized. Only a few of these problems cannot be 
solved by one means or another. Often, however, the solution may 
be costly and time-consuming. Nearly all problems are alike in one 
respect; there is not enough usable water where it is wanted. Some 
problems are involved with the inability of water to move rapidly 
enough through the aquifer to meet the demands of specific wells. 
The reservoir problem may be solved by diversion of water from out- 
side the area to recharge the insufficient supply. Such importation 
may be relatively expensive, but is often well justified. Where the 
ground-water reservoir cannot be replenished in sufficient quantity to 
meet the demands, by any method, a rea/ shortage exists. Corrective 
measures are then restricted to outright reduction of pumpage. Pipe- 
line problems may occur where the draft from a single well or well 
field exceeds the capacity of the aquifer to move water from the sur- 
rounding areas. Thus water levels at the well may be depressed with 
no apparent relation to what is happening elsewhere in the area. 
This is a common occurrence and corrective measures are similar io 
those employed in reservoir problems. A solution to the problem may 
be relocation, or more adequate spacing, of wells. It may be neces- 
sary to develop new well fields in the same reservoir but outside the 
ateas affected by pumping of the older wells. 

A serious problem results when a fresh ground-water supply 
is being contaminated by unusable surface water. Large-scale pump- 
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ing of wells in aquifers adjacent to streams will induce the inflow 
of surface water. The filtering action of the stream-bed sediments 
and of the aquifer itself removes bacterial impurity of the surface 
water. However, certain chemical contaminants, such as acids, can- 
not be filtered out and may ruin a good water supply if the concen- 
tration is gradually built up. The chemical quality of the original 
source of supply, the stream, is highly important. In Rhode Island 
rapid strides in the abatement of stream pollution are being taken 
by the Blackstone Valley Sewage Authority, the State Department of 
Health and allied agencies. 

In a number of places in Rhode Island localized pumping of 
ground water in coastal areas has lowered the water table and has 
resulted in an attendant inflow of salt water from Narragansett Bay 
or tidal estuaries. Some industrial wells in Providence and Warren 
pump ground water contaminated with chloride concentrations as 
high as 3,000 ppm. One industry in East Providence has abandoned 
its wells for this reason. Corrective measures are again similar to 
those listed before. The head of ground water may be built up again 


through a reduction in pumping, by spacing wells farther apart, or by 
artificial recharge. It may be possible, in some cases, to build up 
the head by artificial recharge without reducing the rate of pumping, 
as has been done in some coastal areas. 


CONCLUSIONS 

In conclusion, it should be emphasized that because of the need 
for larger and larger supplies of ground water, all available supplies 
should be mapped adequately, and the quantity and quality of the 
water determined, before large-scale installations are made. Further- 
more, once the installations are made it is important that systematic 
water-level observations and accurate inventories of the pumpage be 
maintained, in order to permit adjustments in the rates of withdrawal 
in an orderly and efficient manner before disaster strikes. 
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PUMPS AND PUMPING STATIONS 
BY RICHARD HAZEN* 


[Read September 10, 1952.\ 


Some of you have probably seen in the September, 1952, issue 
of the National Geographic Magazine the colored photograph of a 
wood and bamboo treadmill for pumping irrigation water in Indo- 
China. It is captioned “Father and Son Wearily Pedal Humanity’s 
Revolving Squirrel Cage, but Get Nowhere.” The father appears 
resigned to the chore; his son is scowling like any American boy con- 
fronted with a lawn to mow or garden to weed. 

Irrigation is not needed in most of New England and the geogra- 
phy provides gravity water works in a great many towns. In fact, 
nowhere have greater efforts and care been taken to build reservoirs 
and pipe-lines that will assure gravity flow. However, as the towns 
have extended to the outlying and usually higher 'ands, pumping of 
part or all of the water frequently has become necessary. Fortu- 
nately, pumps, efficient in operation and requiring little attention, 
are available. 

This paper is not concerned with the details and theory of pump 
design. These aspects are of vital importance, but usually to the 
pump manufacturers. We shall discuss here the several types of 
pumps available, advantages and disadvantages, and a few applica- 
tions. The growing popularity of vertical pumps warrants particular 
attention. 

The cost of pumping water is relatively less today than it 
was 30 or 40 years ago. The improvement has been due chiefly to 
the development of the centrifugal pump, which in turn was de- 
pendent upon efficient high-speed motors, steam turbines and engines. 
The direct-connected reciprocating steam pump is an efficient pump 
because there are no intermediate losses, such as in the generation 
and transmission of power. The steam turbine and diesel or gasoline 
engine have the same advantages. Steam turbines are used fre- 
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quently in large stations; diesel engines in large and small, and gaso- 
line engines for emergency service. Most gasoline engines used are 
less than 100 hp, but some installations run as high as 500 or 600 
hp. In a few instances water is discharged from a high-pressure 
system through a water turbine into a low-pressure system; the tur- 
bine in turn drives a pump to raise water from the first system to a 
third higher-pressure zone. Installations of this type have been made 
in New York, Waterbury and elsewhere. The majority by far of 
all centrifugal pumps are electric-motor-driven. 

The decrease in pumping costs can be attributed to more effi- 
cient pumps, lower electric power costs, and greater reliability of 
pumps, requiring less attendance. One manufacturer cites the im- 
provement in guaranteed pump efficiencies between 1910 and 1945 
as from 65% to 82° for a 1,000-gpm unit, and from 74° to 87% 
for a 5,000-gpm pump. The efficiency of commercially-available 
electric motors has ranged around 90‘; in all but small sizes over 
the same period, so that the improvement in wire-to-water efficiency 
parallels the pump performance. Electric motors are smaller and 
use much less metal today than they did 30 years ago, but their 
efficiency has improved not more than 1 or 2‘7. The gain in pump 
efficiency has been so great that it often pays to replace an old cen- 
trifugal pump with a more efficient new one. 

The decline in electric power costs is indicated in Figure 1. 
These data, from the Statistical Bulletins of the Edison Electric In- 
stitute, are based on nationwide power costs. Although these curves 
are designated as average revenue per kwh, they actually indicate 
the average cost of power to the consumer. Since the war, electric 
power rates have increased in many parts of the country, but they 
are still low compared with rates charged 20 and 30 years ago. The 
small consumer has enjoyed a much greater cost reduction than the 
large consumer. 


The effect of improved pump efficiencies and lower power costs 
upon the cost of pumping water is illustrated by the following ex- 
ample: A tabulation of pumping costs per mil gal for a 5,000 gpm 
pump and a 700-gpm pump in 1926 and in 195i shows the 1951 costs 
to be 39% lower for the large unit and 50° lower for the small unit. 
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Small unit 
700 gpm vs. 100’ 


Large unit 
5,000 gpm vs.100' 


1926—Wire-to-water efficiency 


KW required 3: 20 
KWH per mg 465 505 
Power cost per KWH 1.5¢ 4.5¢ 
Power cost per mg $6.85 $22.75 
1951—Wire-to-water efficiency 77% 71% 
KW required 122 19 
KWH per mg 418 453 
Power cost per KWH 1.0¢ 2.5¢ 
Power cost per mg $4.18 $11.32 
Decrease in cost per mg $2.67 $11.43 


—% decrease in cost per mg 


In general, the cost of horizontal pumps has increased by 25° 
since the war, vertical pumps by 10‘ , and the electrical equipment 
by as much as 75‘, but these equipment costs are frequently less 
than one-third of the total pumping-station costs. It cannot be argued 
that pumping stations are cheap, but it is a fact that many deci- 
sions reached years ago to provide gravity flow might be reversed 
today in the light of pumping costs and the cost of installing alternate 
works. 

The cost of power is often relatively unimportant, compared 
with the cost of supervision and attendance. This has resulted in 
the present trend toward automatic or semi-automatic stations that 
need a minimum of attention. Automatic controls are available for 
starting and stopping pumps, alternating operation, starting standby 
engines, etc., all actuated by water pressures, water levels, flows 
or a time clock. Whenever automatic controls are used, care must 
be taken to install rugged equipment, protected from moisture, dirt 
and external damage. Otherwise, they cannot be kept in order. 

An outstanding example of a modern pumping arrangement is 
the system used to raise Colorado River water into the aqueduct of 
the Metropolitan Water District of Southern California. Each of the 
5 stations now includes three 200-cfs (130-mgd) pumps and additional 
units are being added. The stations operate in series through storage 
reservoirs and raise the water a total of 1,600 ft. The maximum lift 


~ 


2 A 
39% 

- 


4 VERTICAL PUMPS 


1750 r.p.m. and below 
600 
400 
300 
200 MULTI- STAGE 


DEEP WELL TURBINE 


w 
w 
100 
z 
oa 80 
< 
= 
2 60 
40 MIXED 
30 
AXIAL FLOW 
10 


CAPACITY IN G.P.M. 
Fic. 2. 


2000 
3000 
4000 
6000 
8000 


‘ 


HORIZONTAL PUMPS 
1750 r.p.m. and below 


600 
400 MULTI-STAGE RADIAL AND FRANCIS 
300 
| 
| 
200 
SINGLE STAGE 
RADIAL AND FRANCIS 
w 
& 100 
¢” > 
w - 
40 
MIXED FLOW 
30 — 
SZ 
\ 
\ AXIAL | FLOW 
| 
E tticiencies \ 
: 28 8 288 38 
CAPACITY IN G.P.M. 
VERTICAL PUMPS 
1750 r.p.m. and below 
600 


‘ 
| 
| 
| 
| 
| 


118 PUMPS 


AND PUMPING STATIONS 


is 441 ft and the minimum 144 ft. The pumps are single-stage, verti- 
cal pumps with 4,300 hp motors for the lowest head, and 12,500 hp 
motors for the highest-head units. Mr. Robert Diemer, General 
Manager and Chief Engineer, has summarized the operating require- 
ments as follows: 

“The pumping plants are manned during the day shift only, except at 
Gene, the headquarters of the system, where one ‘system operator’ stands 
watch on each shift. The normal crew at each plant consists of seven men: 
station chief, station electrician, operator, machinist, maintenance mechanic, 
and two utility men. The Intake and Gene plants, however, being close 
together, are covered by one crew and one additional electrician. 

“At the four plants which are unattended during the evening and night 
shifts, one of the crew is assigned to ‘standby’ duty and his residence is 
connected to the system operator at Gene by telephone. In addition, an 
alarm in his residence sounds in case of any mechanical or electrical trouble 
at the plant. Tripping circuits in all plants are so connected that loss of 
power, interruption of oil flow to bearings, high temperature of bearings 
electrical failure in the driving motors, or similar trouble will automatically 
shut down the motors and close the pump discharge valves.” 


In this instance failure of a pump would have no immediate 
serious effect on the water supply, because there is plenty of gravity 
storage between the pumps and the consumer. Where normal and 
emergency water requirements are met by direct pumping without 
storage, they are dependent upon continuous pump operations and 
full-time supervision may be needed. However in the face of rising 
labor costs, the possibility of substituting automatic safeguards for 
additional shift operators should not be overlooked. 

Centrifugal pumps may be classified acerding to the type of 
runner or impeller. Radial and Francis types are most commonly 
used for high and medium heads; for lower heads and higher flows, 
a mixed-flow impeller with discharge partly radial and partly axial 
is used. For still lower heads and very large flows the axial-flow or 
propeller type may be most satisfactory. The axial-flow type strictly 
is not a centrifugal pump, in that there is no radial flow. However, 
it is driven by a high-speed rotating shaft and is generally considered 
along with the other types. 

The head and pressure range up to a capacity of 10,000 gpm, or 
15 mgd, for horizontal and vertical pumps of these four types is in- 
dicated on Figure 2. Larger pumps are frequently used in irriga- 
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tion and flood-control work, but most water-works pumps fall within 
the limits shown. Within these limits pumps of comparable efficiency 
can be obtained. With capacities of 1,000 gpm or less, it is hard to 
get a sustained pump efficiency in excess of 83 or 84°; in the larger 
sizes efficiencies up to 90% can be obtained. In comparing pump 
efficiencies, one should realize that there is a practical limit to the 
number of different pump casings and impellers each manufacturer 
can produce, and his pump may not meet a particular situation as 
well as one of his competitor's pumps. The variety offered by a 
manufacturer is usually a function of demand and the cost of pat- 
terns. Temporary high efficiencies often can be obtained by under- 
cutting the vanes, to increase the opening for passage of water. The 
undercutting results in a thinner section at the tip of the vanes, which 
may corrode or wear within a short time. 

The finishing of impellers and casings has a good deal to do 
with the efficiency. Time taken to file off a few rough burrs is well 
worth the cost. Performance tests at the factory and after installa- 
tion are the best insurance against improperly finished pumps. A 
shop test may add 5‘% or more to the cost of the pump but is weil 
worth while, except in purchasing very small pumps for which cer- 
tified performance curves are generally acceptable. ‘The cost of field 
tests after installation varies considerably with the complexity of 
the installation and the availability of accurate metering equipment. 

In Figure 2, the range of application chart, there is considerable 
overlapping and the choice may not be clearly defined. For applica- 
tions covered by the shaded portions of the chart, the best type of 
pump may be that shown on either side of the shaded section, the 
choice depending upon considerations other than the head and capac- 
ity desired. Pumps rarely operate at exactly the head and discharge 
rate for which they are purchased, and variations from the design 
point usually reduce the efficiency. The variation will be large or 
small, depending upon the type of pump and its characteristics. Fig- 
ure 3, showing characteristic curves of the four types of pump, is 
taken from the DeLaval Steam Turbine Co. Handbook. These 
curves apply to pumps operated at a censtant speed. Note the con- 
trast between the flat head-discharge curve No. 4 of a radial-flow 
pump and the steep curve No. 1 of an axial-flow pump. A small in- 


~ 


PUMPS AND PUMPING STATIONS 


PER CENT OF MEAD AT DESIGN POINT 


PER CENT OF EFFICIENCY AT DESIGN POINT 


“20 #40 60 00 
PER CENT OF DESIGN FLOW 


PER CENT OF DESIGN FLOW 


oes 8883 


° 


POINT 


PER CENT OF BHP AT DESIGN 


00 ‘20 
PER CENT OF DESIGN FLOW 


1 PROPELLER 
2 MIXED FLOW 
3 FRANCIS 

4 RADIAL 


CHARACTERISTIC CURVES OF Four Types Or PUMP (FROM 
TurBine Co, HANDBOOK). 


DeLavat STEAM 


120 
300P 
260 
220 
90 4 
Li 
20 
a 


RICHARD HAZEN 121 


crease in operating head, because of greater static lift, pipe friction, 
or throttling, will not cut down the discharge of an axial-flow pump 
appreciably, but may put the radial pump almost out of service. 
However, the power required for an axial-flow pump at shutoff may 
be twice the power required at the design point. It is rarely prac- 
tical to use motors large enough for the maximum possible load, and, 
therefore, axial-flow pumps are installed either without a discharge 
valve or, if a valve is included, automatic controls are provided, to 
prevent starting the pump when the valve is closed. 

Note also that the radial-flow pump has a flatter efficiency curve 
than the axial-flew pump. This means that if a pump must operate 
at flows other than design flows, the radial-flow pump should give 
the better efficiency. For a given type of pump all characteristic 
curves are not alike, and the best pump for the required service is not 
always selected. For example, pumps that may be operated singly 
or in parallel and discharge through a long pipe-line where the fric- 
tion is an important part of the total head should have steep head- 
discharge characteristic curves. When the pumps operate together, 
their efficiency may be lower, but this is better than not being able 
to pump enough water. The performance of pumps with flat or 
steep head-discharge curves in an installation of this type is illus- 
trated in Figure 4. It should be noted that a pump can operate only 
at the point of intersection of its head-capacity curve and t he system 
head curve. On Figure 4 the system head curve is shown as a line. 
In actual practice it is more frequently an area. 

As previously stated, centrifugal pumps in many actual installa- 
tions are required to operate at points on their head-capacity curves 
which are within this area and at some distance from the so-called 
design point. In analyzing a pump installation, the preparation of 
a system curve is valuable, to check the range within which a pump 
will be required to operate and the efficiencies within this range. ‘This 
is especially true if pumps are to be operated in parallel. The steps 
to be followed in making a system curve may be of interest. 

Figure 5 is a theoretical system curve, made up for a mill sup- 
ply requiring large quantities of water at fairly low head. The mill 
requirements are: minimum demand—10 mgd, normal demand— 
35 mgd, and infrequent maximum demand—50 mgd. 
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The supply is pumped from a river with a variation in water 
level of 5 ft. There is a balancing reservoir at the mill, and it is 
desired to operate this reservoir within a working range of 15 ft be- 
tween high- and low-water elevations. The difference in elevation 
between high-water level in the river and low-water level in the reser- 
voir is 60 ft. This represents minimum static head. The maximum 
static head is the difference between low-river level and full-reservoir 
level, and is 20 ft higher, or 80 ft. The transmission line is 54-inch 
pipe with a coefficient of 100 and is 9.000 ft long. As pumping sta- 
tion, piping, valves and a meter will introduce losses equivalent to 
an additional 1,000 ft of 54-inch pipe, the system curve is plotted 
on the basis of 10,000-feot transmission main. Friction loss increases 
from less than 1 ft at the 10-mgd rate to nearly 20 ft at the 50-mgd 
rate. It might be said that the transmission line is overdesigned. 
This is intentional, to reduce pumping costs and to have pipe-line 
capacity in reserve in the event of future increased demands at the 
mill. 

The shaded area on Figure 5 indicates the range in pumping 
heads determined by changing water levels in the river and reservoir 
and pumping rates. Three pumps are provided: No. 1 with a capacity 
of 15 mgd at 66-foot head, No. 2 with 25 mgd at 78-foot head and 
No. 3 with 37 mgd at 84-foot head. Each of these pumps has an 
efficiency of 89% at the design point stated. The characteristic curve 
of each pump is shown by the solid line. The efficiency at the top 
and bottom of the shaded working range is shown on the tabulation 
to the right. The lowest efficiency is 80°7 for Pump No. 1 when 
operating at the upper limit of the zone. 

The broken lines show the characteristic curves of the pumps 
when operated on various parallel combinations, and the efficiency 
of each pump at the upper and lower limits and in the central 
part of the operating range is also tabulated. It can be seen that 
the most serious drop in efficiency is for pump No. 1 at the upper 
part of the working zone, when operated with pump No. 3. At this 
point the efficiency drops to 35% because pump No. 1 is approach- 
ing its shut-off point. In actual operation pumps 2 and 3 probably 
would be used to cover this part of the working zone. 

For each of the parallel pump combinations, the larger unit 
maintains a high efficiency throughout the operating range. 
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It can be seen that the curve for pumps 1 and 2 working to- 
gether approaches the curve for pump 3 alone, so that they can carry 
the normal demand if pump No. 3 is out of service for repairs. How- 
ever, pumps 1 and 2 will not deliver 35 mgd, nor will pumps 2 and 3 
deliver 50 mgd if conditions indicated by the upper half of the operat- 
ing zone exist. To obtain these flows during low river stages, it 
would be necessary to operate the reservoir at the mill below its 
normal flow line. The necessity for such operation would be infre- 
quent. 

The curves show that every increment of flow between 10 and 
50 mgd cannot be obtained by the pumps or combination of pumps 
shown without some throttling at parts of the range. However, it 
is not necessary to pump at all possible intermediate rates between 
10 and 50 med, as the reservoir at the mill can be used to “iron out” 
tne differences between consumption and pumping rate. Actually, 
the combination of pumps and reservoir working together is self- 
balancing to a large extent. With the pumps operating alone, a 10- 
foot drop in reservoir level will increase delivery from 4 to 5 mgd 
and, with the pumps operating in parallel, a similar drop will increase 
delivery from 10 to 14 mgd. 

It is quite probable that inefficient or unsatisfactory performance, 
found in some existing pumping stations, could have been foreseen 
and avoided if a carefully prepared and analyzed system curve had 
been developed at the time the pumps were purchased. ‘Too often 
pumps are selected for the worst operating condition, which may 
occur less than 10% of the time. As a result, the pumps operate 
inefficiently 90°. of the time. 

In water-works operation the maximum efficiency of the indi- 
vidual pumps is rarely obtained, unless there is enough storage in 
the system or enough pumps of different sizes, so that each pump 
can be operated at its rated capacity. More often, a pump discharge 
must be throttled down, to create an artificial system head curve 
that will intersect the pump curve at the desired rate of delivery. 
This not only reduces the pump efficiency slightly, but also wastes 
entirely the head lost through the throttled valve. The total loss 
may be considerable. 

The high-lift pumping station at Atlantic City, N. J., contains 
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four electric-motor-driven centrifugal pumps, rated at 2.5, 7.5, 13.0 
and 17.2 mgd, to meet a winter daily demand of 5 mgd, a summer 
daily demand of 17 mgd, and peak hourly demands of 25 mgd. 
‘There is practically no storage on the distribution system. An analy- 
sis of the pumping records indicated that in spite of prompt shift- 
ing of pumps to meet fluctuating water demands, the average head 
loss from throttling was approximately 8% of the total pumping 
head. 

With constant-speed pumps, best efficiency can be obtained only 
at or very near the design flow. A wider range can be obtained 
with multi-speed pumps, driven by steam turbines or diesel engines, 
because they can be speeded up to increase the capacity and head. 
‘The capacity increases proportionately to the speed, whereas the head 
increases as the square of ratio of the speed. For electric drives, 
multi-speed, wound-rotor, induction motors or constant-speed motors 
with hydraulic or magnetic couplings are available. Any of these 
involves a loss in efficiency of 5“ or more and this loss should be 
compared to that caused by throttling a constant-speed unit. The 
higher cost of variable-speed equipment is not often justified, except 
in large low-head installations, where oniy a small change in head is 
a major percentage of the total head. 

For the usual water-works installations, operating efficiency is 
best obtained by installing two or more pumps, frequently of different 
capacities, to be operated singly or in parallel, and delivering to a 
system where high-level storage is provided. 

Vertical and horizontal pumps are basically the same. A multi- 
stage, deep-well turbine pump is simply a special arrangement of 
pump bowls or casings in series, usually with a radial-type runner. 
Axial-flow and mixed-flow pumps are made for both horizontal and 
vertical installations. The vertical pump is popular because it can 
be set down into the water and no suction piping, dry well or prim- 
ing equipment is needed. * The motor can be mounted at any con- 
venient elevation above the pump. The vertical pump often simpli- 
lies station design and piping, saves space, and frequently eliminates 
valves on the suction side. 

Placing the motor above the pump usuaily eliminates the pos- 
sibility of flooding, either from high river stage or from a pipe break 
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within the pumping station. In well installations a weatherproof 
motor and starter are sometimes used without a well house. The 
pump need not hang in a well or in open water; the bottom bowl 
can be attached to a standard elbow or other pipe fitting, or water 
may be delivered to the pump at a higher elevation through a pres- 
sure casing, surrounding the bowls and column. In such cases the 
motor is usually close-coupled to the pump, with practically no dis- 
charge casing, and only enough height to clear the pump bowls must 
be provided. We have used this arrangement recently in the design 
of a ground reservoir and booster station, where there was plenty 
of head room in any event, and we wanted to keep the pump room 
as small as possible. 

Vertical pumps are basically as efficient as horizontal pumps, 
although in some deep-well-turbine sizes, manufacturers’ standard 
models are 3 or 4 points less efficient than horizontal pumps of the 
same capacity. If a well pump must be kept small in diameter to fit 
an undersized well casing, the velocities and friction losses are higher 
and the losses proportionately greater. On the other hand, a pump 
with large impellers and few stages may be more efficient as a smaller 
pump with more stages. Thus, for example, one manufacturer cites 
the performance of three standard pumps, each operating at 1,760 
rpm, rated at 500 gpm vs. 200-ft head, with 100 ft of discharge 
column, as follows: 

Pump bowl Lift per No. of Pump 
Well dia. o.d. stage stages efficiency 

714” 17.5" 68% 

10” gy,” 37.0 81% 

11%” 66.0' 3 15% 

An interesting point is that so many multi-stage well-type pumps 
are being used for purposes other than deep wells that manufacturers 
are developing lines not restricted to conventional well-casing diame- 
ters, and more eflicient equipment is available, particularly in the 
large sizes. Probably the outstanding example to date of this type 
is the installation of six 5-stage 20-mgd pumps, designed for a total 
head of 600 ft at New York City’s emergency Hudson River pumping 
station at Chelsea. The pump bowls are 36 in. in diameter, and the 
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discharge 24 in. in diameter. Each pump is driven by a 2,500-hp 
synchronous motor, operating at 900 rpm. ‘The first bowls were 
light in some respects for the pressures involved and had to be 
replaced. Since then the pumps have operated satisfactorily. On 
test the pumps yielded wire-to-water efficiencies of 83 to 87. Ver- 
tical pumps are being used in increasing numbers for river pumping 
stations, especially where there is a wide range between high and low 
river stages. 

The high efficiency obtainable with axial-flow and mixed-flow 
pumps suggests the use of several stages for high-capacity, high-head 
installations. However, in practice the types of pumps are usually 
limited to two stages, because otherwise the shaft diameter to trans- 
mit the necessary power is so great as to restrict the water passages. 
Single-stage pumps of the radial or Francis type, with large-diameter 
impellers, are more satisfactory and, because of the large-diameter 
impeller, excessive speeds are not required even for high heads. 
The pumps of the Metropolitan District Aqueduct of Southern Cali- 
fornia, operating at 300 to 450 rpm with wire-to-water efficiencies of 
87‘~ or more, are of this type. 

The principal objection to vertical pumps is that they cannot 
be disassembled for inspection, cleaning and repair as easily or quickly 
as a horizontal centrifugal pump, with casing split along the shaft. 
The vertical pump must be pulled out—in one piece, if short, or in 
sections, if long—and disassembled. Minimum clearness and ade- 
quate lifting facilities must be provided. 

Vertical, hollow-shaft induction motors are readily available in 
standard sizes for most pumps. Vertical synchronous motors are 
harder to get in smaller sizes. For large installations the motors are 
especially made in any event and the type desired can be obtained. 
With engine or steam-turbine drive, a right-angle gear is necessary 
io drive a deep-well pump. This introduces another piece of ma- 
chinery and some loss in efficiency. However, a geared speed changer 
is often required in any event, if a slow-speed diesel engine or high- 
speed steam turbine is used. 

The bearings of vertical pumps may be oil- or water-lubricated. 
They are not as accessible as the bearings in a horizontal pump, 
but this is not ordinarily of much practical significance, because the 
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bearings in either type, if properly selected, are thoroughly reliable 
and require little attention. Particular attention should be given to 
thrust bearings and foundations in vertical pumps. The up-thrust in 
starting and the down-thrust in operation may be substantial. 

No general rules can be stated for pumping-station design, unless 
they are to keep it simple and the piping big enough. The advantages 
of high efficiency in pumps can be lost entirely by a few unnecessary 
bends and lost velocity heads. Some pertinent points that should 
be kept in mind include: 


(a) Need for standby capacity, in spite of industrial practice 
to provide none and the ability of many water works to operate 
throughout the war with little or no reserve. Standby capacity in- 
cludes both pump capacity and motive power. If electric-service 
outages may occur, standby engine or steam drive is important. In 
some stations diesel-generator sets are provided. Although expensive, 
they are of value when pumping stations are operated in conjunction 
with water-treatment plants that have various auxiliaries dependent up- 
on electric power. 

(b) Provision for water hammer. Refer particularly to “Water 
Hammer Control” by S. Logan Kerr, in December, 1951, Jour. A. W. 
W. A. It has a handy and useful check list. 


(c) Importance of suction-pit design for vertical pumps, espe- 
cially of the mixed-flow and axial-tlow types, to avoid high velocities 
and eddies. The wrong design will cut efficiencies surely and, if bad 
enough, it will reduce the capacity of the pump. 

(d) Desirability of looped suction and discharge piping with 
shut-off valves, to permit operation of a part of the station if there 
is a pipe, valve or fitting failure. This safeguard is common in 
large stations; it is often omitted in small works for economy. 

(e) Substitution of steel for cast-iron pipe in pumping stations, 
particularly in welded prefabricated headers. It is usually cheaper. 
saves space and, on the high-pressure side, is not subject to sudden 
cracking or failure. In large works the steel pipe can be cement- 
lined; elsewhere the pipe diameter and well thickness should be se- 
lected to provide ample margin for corrosion. 


ULTRAVIOLET RAY STERILIZATION 


APPLICATION OF ULTRAVIOLET RAY STERILIZATION 
TO WATER TREATMENT 
BY F. WELLINGTON GILCREAS AND LOUIS DE LALLA* 


(Read September 10, 1952.) 


The power of sunlight to destroy bacterial life has long been known 
and appreciated. Effective disinfection in air, on surfaces and in 
water has been accomplished by exposure to the direct rays of the 
sun. Sunlight is an important factor in the self-purification of water 
in streams and in impounding reservoirs, and its effect in destroying 
bacteria, particularly intestinal bacteria, has been reported upon 
many times. The ordinary rays of sunlight play little part in this 
bactericidal action; the results are caused by the ultraviolet rays. 
Unfortunately, ultraviolet rays have little penetrative power and 
are readily absorbed by particles of dust, opaque substances, water, 
or glass. Their bactericidal effect, however, is marked. 

An early method for sterilizing water was the use of ultraviolet 
light, generated by mecury vapor lamps. ‘These lamps were first 
studied in France and employed for sterilization of small quantities 
of drinking water, but no practical installations on public water sup- 
plies were reported. (1) When this type of treatment became known 
in the United States it was for a time used on a few small water sup- 
plies. The method proved unsatisfactory for application to public water 
supplies and was replaced by chlorination, a cheaper and much more 
easily controlled process for destroying bacteria in large volumes of 
water. Ultraviolet light continued to be employed for swimming pools 
and small, individual home supplies where cost was not a factor and 
where it was desired to avoid the unpleasant taste and odor then 
frequently associated with chlorination. 

From the first experimental installations, it was readily deter- 
mined that, to be effective, ultraviolet sterilization must be applied 
to clear water, which meant it could be used only when the water had 
been filtered. This introduced complications and also raised the cost. 


*Division of Laboratories and Kesearch, New York State Department of Health, Albany, N. Y. 
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Because of their low penetrative power ultraviolet rays would not 
treat water at any great depth, and their bactericidal efficiency was 
seriously lessened by traces of turbidity, color, or iron, found even 
in filtered supplies (2). Mercury vapor lamps could not be placed 
in direct contact with the water, because of the high temperature at 
which they operated, so it was necessary to separate the water from 
the lamp by a quartz tube, which permitted passage of the ultra- 
violet rays but sharply limited their effective penetration into the 
water. Consequently, the ultraviolet ray method of water treatment 
gradually lost favor and practically disappeared as an acceptable dis- 
infecting process, even in artificial bathing pools or individual water 
supplies. 

Advances in the construction of ultraviolet lamps with the pro- 
duction of the “cold” lamp stimulated investigation of the applica- 
tion of this method of treatment to water. Because of the low tem- 
perature (70 to 80 F.) at which the newer germicidal lamps oper- 
ate, they can be submerged in water without significant reduction 
in their operating efficiency. Thus, a more efficient installation was 
possible and a greater degree of penetration of the rays into the 
water could be obtained. Commercial equipment for treating water 
by passage over cold ultraviolet lamps has now been developed, par- 
ticularly for use in swimming pools and small individual water sup- 
plies (3, 4). 

The other limitation of the procedure, the absorption of ultraviolet 
light by substances present in the water, remains to be considered when 
judging the practical value of this treatment. A study of the bac- 
tericidal effectiveness of ultraviolet light as applied to water seemed 
desirable, in order to determine the limitations of such treatment and 
of the newly designed equipment employing it. A commercial ultra- 
violet sterilizer, developed for use in small water supplies, was ob- 
tained. It consists of six 30-watt ultraviolet lamps, each providing 
about 10 watts of ultraviolet light in the 2,537 Angstrom unit range, 
which is the most effective wavelength. The lamps are placed in 
series inside of metal tubes, highly polished on the inside, which 
serve as reflectors to increase the penetrative power of the ultra- 
violet light into the water. The water passes over the lamps in a 
spiral fashion and the depth of the water over the tube is approxi- 
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mately three-eighths of an inch. This is well within the usual pene- 
trative power of ultraviolet light in clear water, where 10% penetra- 
tion or 90% absorption would be obtained only at a distance pos- 
sibly equivalent to several feet. 

The capacity of the commercial device used in this investigation 
permits the treatment of 750 gallons of water per hour. The length 
of the tubes provides 15 feet of flow and thus a time of 
exposure of the water to the ultraviolet rays of approximately 4.2 
seconds. The shallow depth of the water and the reflecting surface 
on the entire carrying pipe allow full penetration of the ultraviolet 
light in clear water. With the presumed spiral flow through the 
pipe, adequate stirring and mixing is possible permitting the light 
to reach the bacteria without complete blocking by small suspended 
particles of turbidity or iron in the water. 

To study the effect of this equipment, Albany city tap water 
was used, the chemical analysis of which is shown in Table 1. This 
water as received in the laboratory had only a very low residual 
chlorine content (0.01 ppm), and to it was added a suspension of 
Bacterium coli in buffered dilution water. The culture of Bact. coli 
had been grown on solid medium, removed, and suspended in the buf- 
fered dilution water, so as to produce varying numbers of coliform 
bacteria per milliliter of suspension. The suspension was then added 
to the water to provide coliform densities ranging from a Most Prob- 
able Number (M.P.N.) of 2,400 to 240,000. The water was pumped 
through the ultraviolet ray sterilizer at the rated capacity of the 
device, 750 gallons per hour, or an exposure time of about 4.2 seconds. 
Samples of the effluent from the treatment were collected at the be- 
ginning, at the middle, and at the end of each run and were examined 


TABLE 1.—CHEMICAL ANALYSIS OF TAP WATER, ALBANY, NEW YorK 
ppm ppm ppm 


Color 5.0 Chloride 2.0 Free ammonia 0.002 
Turbidity 0.1 Oxygen consumed 1.9 Albuminoid ammonia 0.048 
Iron 0.03 Alkalinity Nitrites 0.001 
Manganese 0.02 Hardness Nitrates 0.02 
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to determine coliform density. The results indicate that, even with 
high concentrations of coliform microérganisms, complete destruction 
could be obtained in clear water within the time and under the con- 
ditions of treatment with this equipment. 

To determine the effects of rates of flow higher than 750 gallons 
per hour, the number of lights was gradually reduced by cutting 
out first one, then two, and more lights. By decreasing the time of 
exposure to the ultraviolet light rays, the effect was the same as pump- 
ing water through the machine at more than the rated capacity. 
Table 2 shows that, even with an exposure time of only 2.8 seconds, 
effective destruction of coliform bacteria was obtained. Consequently, 
with rates of flow higher than specified, or with the failure of one 
or two lamps, reliable treatment could still be anticipated. 

One of the problems that arises with the use of ultraviolet ray 
tubes is the deposition on the tubes and on the reflecting surfaces 
of deposits from the water. These gradually build up an opaque 
coating and reduce markedly the amount of ultraviolet light avail- 
able for penetration into the water, with resulting loss of bactericidal 
effect. As the experimental machine was used, this effect became 
very apparent. As is shown in Table 3, when this coating had ac- 
cumulated and the equipment was operating at its rated capacity 
of 750 gallons per hour, effective disinfection could not be obtained. 
The lights were removed and cleaned, as were the reflectors, and put 
back in service, when full efficiency was again secured. 

As these first experiments were made only with water free from 
appreciable concentrations of color or turbidity, it seemed desirable 
to determine the efficiency of ultraviolet ray treatment of water 
when color, turbidity and a combination of both conditions were 
present. 

A suspension of diatomaceous earth was added to Albany tap 
water to produce turbidities ranging from 10 to 125 ppm. Coliform 
bacteria were added to these turbid suspensions in the same rnanner 
as to the clear water and the resulting test portions were subjected 
to the action of ultraviolet light. The results are shown in Table 4 
and suggest that with a turbidity of 125 ppm, effective bactericidal 
treatment will result when the six lamps are in operation. The effect 
of reducing the number of lamps and the time of exposure—that 
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is, an action comparable to increasing the rate of flow—indicated the 
maximum turbidity that could be permitted while still securing 
adequate disinfection. With four lamps in operation, complete de- 
struction of coliform bacteria was obtained only with turbidity less 
than 75 ppm. 

To simulate color, an infusion of tea was added to Albany tap 
water, to give a range from 15 to 125 ppm, and the experiments were 
repeated. With full capacity of the equipment providing at least 4.2 
seconds exposure, soluble color in the water did not interfere with 
the bactericidal effect of the ultraviolet rays until the color was greater 
than 75 ppm. 

Since one of the earliest noted interferences with ultraviolet ray 
sterilization was iron in colloidal suspension, the effect of this condition 
was also studied by adding a solution of ferrous sulfate to Albany 
tap water, to provide concentrations of iron from 1 ppm to 6 ppm. 
Iron in colloidal suspension in water did not reduce the bactericidal 
efficiency of the ultraviolet light until the concentration was in excess 
ot 5.0 ppm. 

The adsorptive effect of organic matter on ultraviolet light is 
well known and might seriously interfere with treatment. The study 
was extended to include the effects of turbidity caused by organic 
material. Skim milk was added to Albany tap water to yield a 
turbidity of 30 ppm. Coliform bacteria were added as previously 
and results indicate that 30 ppm of this organic turbidity has the 
same effect as 100 ppm of inorganic turbidity. With turbidities due 
to organic matter much in excess of 30 ppm, effective disinfection 
at an exposure time of 4.2 seconds cannot be expected. 

Each of the experiments described represented a separate in- 
vestigation, but under ordinary operation conditions frequently tur- 
bidity, color and iron are present in the water at the same time. 
Thus, turbidity, color and iron were added to Albany tap water 
together, to determine the limit of the values which could be ex- 
pected to produce no marked interference with ultraviolet ray activity 
in destroying coliform bacteria also added to the water. From this 
study, as shown in Table 4, it is apparent that with turbidities of 
85 ppm, iron 3 ppm, and color (inorganic) 90 ppm, or with tur- 
bidities of 15 ppm, iron 5 ppm, and color (inorganic) 150 ppm, 
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efiective destruction of test organisms can be anticipated at the rated 
capacity of the equipment. 


SUMMARY AND DISCUSSION 


From the results of the investigations with one commercial de- 
vice it is apparent that, when ultraviolet light is used as a disinfecting 
agent in water, effective destruction of coliform bacteria can be 
anticipated when either turbidity, color or iron is no greater than 
the limiting values determined in the individual experiments, and when 
the time of exposure to the light is at least 4.2 seconds and the depth 
of penetration required is no more than three-eighths of an inch. 

All of these experiments were undertaken at a water tempera- 
ture of approximately 5 C. or 41 F. When the operating tempera- 
ture of ultraviolet lights is lowered much below that, a marked reduc- 
tion in efficiency can be expected. When the temperature is less than 
5 C. the ultraviolet ray output of the tube may drop to one-quarter 
or one-third of its normal capacity, with a corresponding decrease 
in the bactericidal efficiency of the equipment. The reduction in effi- 
ciency at low temperature, however, can be counterbalanced by oper- 
ating the lamps at higher wattage. If they are operated at 36 watts, 
the efficiency at a lower temperature would be approximately that 
equivalent to operating at 30 watts at the higher water temperature. 

The gradual deposition on the tubes of suspended matter, even 
from clear water, makes it essential that the tubes be kept clean and 
free from such deposit, if maximum bactericidal efficiency is to be 
obtained. Obviously, the greater the amount of organic matter, color 
and suspended material in the water treated, the more rapidly will 
interfering deposits accumulate on the tubes and reflectors, with 
subsequent marked reduction in bactericidal efficiency. 

The major difficulty in ultraviolet light sterilization of water is 
the lack of a rapid field test to determine whether the water has 
been adequately treated. The only measure of treatment at present 
is a bacteriologic examination, which requires at least two days and 
does not furnish with sufficient rapidity data that can be used to 
control this type of disinfecting treatment. However, when properly 
applied, ultraviolet light will destroy coliform bacteria in water and 
may be relied upon for satisfactory disinfection. Much develop- 
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ment of commercial equipment for applying this treatment to water 
is necessary, in order that it may be fully effective and assure com- 
plete disinfection of the treated water at all times. 
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USE OF CHEMICAL WEED KILLERS 


THE USE OF CHEMICAL WEED KILLERS ON PUBLIC 
WATER-SUPPLY WATERSHED 
BY DONALD W. LOISELLE* 


[Read at Round Table, Feb. 


Chemists’ 19, 1953.) 


The Bridgeport Hydraulic Co. has been experimenting with 
chemical weed killers on its watershed since 1948. These experiments 
were started to determine the efficiency and economy of various sprays 
and to examine the results, with a view to reducing the amount of 
hand labor required on the watershed. 


At present the flow lines of all reservoir and canals, as well as 
transmission line rights-of-way, are mowed at least once a year, prefer- 
ably in the late summer. Machinery is used wherever possible in this 
work, but much of our shore line is rough and rocky and not acces- 
sible to mowing equipment. Therefore hand mowing is used for the 
majority of the work, but in the last few years labor has not been 
readily available for this work. 

A survey of the whole field of chemical herbicides was made, to 
determine the best chemical to use from the standpoint of cost, safety, 
ease of application and growth-killing or retarding powers. We 
found that little or no work had been done with weed killers around 
or in a public water supply, so that we had to start from the be- 
ginning. E. 1. duPont de Nemours & Co. offered to join us in this 
project and we accepted their offer. 

DuPont laboratories and other agencies tested the different herbi- 
cides considered, to obtain the toxicological data. The chemicals 
were ied to rats and dogs, to determine the amount of chemical neces- 
sary for any noticeable change in diet and, if fed for a long 
period, the effect on the body organs, as well as the lethal doses. 
It was found that if these data could be applied to humans and the 
herbicides were used in accordance with recommended practice, there 
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was absolutely no danger of chemical poisoning. The lethal dose for 
the average 200-lb man would be as follows: 


245T 1.9 oz. 
24D 2.2 oz. 
Ammate 6.4 oz. 
TCA 10.6 oz. 
CMU 11.5 oz. 


The aforementioned quantities apply to the pure salt: hence 
there is no chance in ordinary spraying operations that one could 
take in that amount of chemical. 


The next consideration is what happens to the spray after it is 
applied to the weed. On this subject not too much is known, but 
what we in the water business are most interested in is what chemi- 
cal products are finally formed and carried into the water supply. 
The 24D and 245T products and, to some extent, CMU form phenol 
as one of the breakdown products. As you know, phenol is one 


of our most potent enemies in water, because chlorine will bring 
out a definite phenol taste even in concentration of two parts per 
billion. Since it is possible under normal spraying that, if enough 
24D or 245T were applied near a small reservoir, a rain might wash 
enough of the chemical into the water to give a taste, the 241) and 
245T were not used in the experiments along water courses. How- 
ever, small-scale experiments were run, away from the brooks. 

The three chemicals used—ammate, TCA and CMU—were 
picked because they are all water-soluble or water-carried, as well 
as safe to use. The ammate that is sold on the market contains a 
chromate corrosion inhibitor. Since hexavalent chromium is one of 
the unwanted chemicals in a water supply, it was arranged to have 
ammate for our experiments without the chromate. As ammate is 
corrosive to metal, without the inhibitor precautions had to be taken 
to protect the sprayers. The sprayers using ammate were washed 
out with a strong alkali immediately after use and a mild alkali was 
left in the tanks until the next operation, or for at least one week. 


. 


USE OF CHEMICAL WEED KILLERS 
TCA, which is the generic name for sodium tri-chloro-acetate, 
is not as corrosive as ammate, but ammate is safer to use. CMU is 
a trade name for 3-P (—chlorophenyl) —1, 1 dimethylurea. It is 
non-corrosive and is a wettable powder. It was developed primarily 
as a soil sterilizer, but subsequent experiments proved that it could 
be used as a selective herbicide. 

We started a first field experiment in the late summer of 1949, 
alter obtaining the favorable toxicological data. Ammate was first 
used because of its availability. Plots having an area of approxi- 
mately 300 sq ft were laid out in a section of rip-rapping, near the 
Route 57 bridge crossing Saugatuck reservoir. The areas were 
sprayed with various dosages from '4 to 1'% lb of ammate per gal- 
lon of water. We used a hand sprayer having a three-gallon capacity, 
so that we applied one gallon of spray per 100 sq ft of ground area. 
On an acre basis this would be 109 to 654 lb per acre, which is the 
standard basic term in most of the literature. 


At the end of two weeks the results were not what we had hoped 
for, because the weed killing was spotty with no definite pattern. 
We consulted with the field representative of duPont about the re- 
sults. Since ammate kills by leaf absorption and further transposal 
of the chemical down to the root system it was concluded that either 
the spray did not stay on the leaf long enough to be absorbed or 
since it was late in the season, the plants were more or less dormant 
and were not absorbing anything. We decided that in the future we 
would spray in the late spring, when the plants were having their 
maximum rate of growth. It was further decided, with all chemicals 
that use leaf absorption as their method of entrance, to add a spreader 
sticker chemical or wetting agent to the spray, to hold the herbicide 
in contact with the leaves. This was found later to be a “must” on 
plants having a waxy leaf. 

Armed with the previous year’s results, we started out in 1950 
early in June to spray at two locations, with 16 plots in each location. 
The plots were not laid out in advance, but staked out as we sprayed. 
Three gallons of spray were used in each plot, all the weeds being 
sprayed thoroughly and as much ground as possible being covered. 
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Both ammate and TCA were used, both alone and in combinations. 
The following doses were used: 


1% lb ammate per gallon of water 
1 Ib ammate per gallon of water 
344 lb ammate per gallon of water 
14 lb ammate per gallon of water 
4 lb ammate per gallon of water 
14% lb TCA per gallon of water 

1 lb TCA per gallon of water 

344 lb TCA per gallon of water 


4 lb TCA per gallon of water 
I 


% lb TCA per gallon of water 
1 Ib ammate plus '4 lb TCA 
344 lb ammate plus '4 lb TCA 
‘2 lb ammate plus '4 lb TCA 
\% lb ammate plus '4 lb TCA 
34 lb ammate plus 34 lb TCA 
lb ammate plus lb TCA 


Spreader sticker was added at the rate of 4 oz per 100 gal of spray. 

Three gallons of each of the above were sprayed on the plants, 
care being taken that all of the leaf area was wet, and the ground 
area covered varied frem 456 to 756 sq ft, depending upon the amount 
of growth. 

The first location sprayed was a section of the banks of the 
Means Brook Canal. The growth here was very heavy, containing 
several grasses, many of the common weeds and blackberry briers. 
The area sprayed extended along the canal from the water line back 
about 10 ft. The first plot was sprayed, then a space of 10 ft left 
as a control, and then the second plot sprayed. 

The plots at this first location were observed at the end of the 
first week and then monthly for the rest of the year. The results 
at the end of the first week showed that the plots sprayed with 
ammate were progressing faster than those with TCA. The high 
dosages of ammate (1'4 and 1 lb per gal) showed almost complete 
kill at the end of the first week, except for some grass. At the end 
of the season the following summary of results was made: 


USE 


144 lb ammate 99 
1 lb ammate 96 
4, Ib ammate 94 
lb ammate 92 
'4 lb ammate 85 
1'4 lb TCA 98 
1 lb TCA 98 
4, lb TCA 94 
14 lb TCA 94 
14 lb TCA 90 


1 lb ammate + 
lb TCA 98 


Ib ammate + 
lb TCA 95 


¥, lb ammate + 


‘4 lb TCA 92 


'4 lb ammate - 
lb TCA 92 


Ib ammate + 


lb TCA 99 
4; lb ammate + 
44 Ib TCA 100 


OF CHEMICAL 


Per cent 


Pounds of am- of 
mate and TCA growth 
per gal of water killed 


WEED KILLERS 


Remarks 


Small amount of grass left in spots 

Some low-growing grass left 

Same as above 

All tall growth killed. Some low grass and a 
blackberry bush showed life. 

All tall growth killed, except blackberry and 
elders. Most low grass survived. 

100° kill of grass and sedge. Few elders left 

Same as 1'4 lb TCA 

Almost as good as 1'4 and 1 lb TCA 

98% of grass and most of the tall growth 

Grass kill almost equal to '2 Ib TCA rate; some 
tendency for goldenrod and wild aster to sur- 
vive. 


Little life in some briers 


A little green in low grass: some briers heve 
some life. 


Some amount of low grass still green: some 
briers and elders show some life 


Some briers not entirely killed, but serious in- 
jury to all. Some low grass shows some life. 


Only a few briers show some life 


No green on any plant 


The second location was a low flat area at the north end of Trap 
Falls Reservoir, which is partly under water when the reservoir is 
full, and the reservoir was full at the time of the experiments. The 
area was sprayed with the same dosages and combinations as the 
first location and in the same manner—namely, to wet completely 
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the leaf area of all plants. The plots, which were laid out as we 
sprayed, were slightly larger than the first location, because the 
plant growth was not as heavy. Some of the sprayed area was actu- 
ally in the water. All the underwater growth which had leaves above 
the water surface was sprayed. 


In the second area nearly every plot had 100‘; kill, because 
none of the elder and blackberry bushes, which were troublesome in 
the first location, were present in the second. The part which I be- 
lieve is especially interesting to us is that all of the water weeds were 
killed and, even after the reservoir went down later in the summer, 
no weed growth came up. 


In the fall of 1950 we computed the probable spraying costs 
for each plot. We then compared this cost against the results ob- 
tained and found that the TCA cost approximately 2'% to 3 times 
the ammate, to accomplish the same results. Hence we based our 
1951 experimental spraying program more in the direction of ammate. 

Also in 1950 we did a considerable amount of poison-ivy eradica- 
tion spraying. Prior to 1950 we had a lot of man-hours lost because 
of poison-ivy allergy and we used to supply between 4 and 6 gal of 
calomel solution each year to our watershed and pipe-line workers. 
Therefore, in 1950 we sprayed one section of our orchard and also 
sprayed about one week ahead of our construction gang on a large 
pipe-line job. A dose of 34 lb of ammate per gallon of water plus 
4 oz of spreader sticker per 100 gal of water was used in the orchard 
and 1'% lb of ammate per gallon on the pipe-line. The heavier dose 
on pipe-lines was used because immediate kill was required and hand 
spray equipment was used, whereas in the orchard power sprayers 
were used. The results were excellent in both cases. The number 
of poison-ivy cases on the pipe gang started down immediately and 
for the rest of the year that gang had practically no lost time from 
the allergy. The amount of the poison-ivy solution (calomel) 
dropped to less than one gallon. The orchard results were similar 
during the picking season. Those working the sprayed area had no 
trouble, whereas, when the non-sprayed area was picked, we had many 
cases of poison ivy. We have since nearly completed the spraying 
of the whole orchard. However, it was subsequently found that dosages 
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of less than 3% Ib were not economical, because we got some re-growth 
the following year. 

In 1951 we duplicated the experiments of 1950 with experimental 
plots in two new locations, both of which contained some under- 
water growth. The results were similar to the 1950 results. The 
original 1950 plots were kept under surveillance as to amount and 
kind of growth. 

At first location along the canal the sprayed plots showed a very 
definite change in the type of growth. All the plots grew grass, but 
the ammate plots showed no weeds or briers. The plots showed 
some retardation in the growth rate, but the most startling thing was 
the complete eradication of the weeds. 

At the second location a very definite retarding effect was noted 
in 1951. The parts of the plots, sprayed with ammate, which were 
under water, showed no growth, except some very short grass which, 
even in the fall, was only 2 to 3 in. in height. The part not under 
water showed the almost complete absence of weeds; only the grass 
remained and that was not heavy. 

In 1952 the original 1950 plots were re-examined and at the first 
location several weeds were found growing in the sprayed area, which 
were re-seeded from the adjacent control or non-sprayed area. How- 
ever, at the second location definite evidence of the spraying was 
noted, especially in the underwater areas. ‘The grass in all the plots 
sprayed with the higher doses of ammate showed few weeds and 
the total growth was not as high as the control areas. Much of 
the underwater area was still clear, except for the low grass. These 
plots were not mowed this year, so that observations can be made 
again in 1953, which will be four years of control. 

Early in 1952 duPont made available to us a new product, which 
they have since put on the market, called CMU. It was originally 
developed as a soil sterilizer, but we set up a series of experiments 
to test it for growth retardant as well as a soil sterilizer. Uses as 
a sterilizer on the watershed are numerous, such as in raceways, walks, 
driveways, rip-rapping and fire trails. Three experimental areas were 
picked for the soil-sterilizer experiment. The first was a newly cut 
fire trail. This trail was cut in February, 1952, through second- 
growth timber, 10 ft wide with overhanging trees, so that no direct 
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sunlight was present. The second location was the Popp’s Mt. Tun- 
nel driveway, which is in the open with no shade. This drive grows 
up very fast, requiring two or three mowings per year. The third 
location was the Hemlocks Reservoir raceway, in which brush grows 
up between the rocks and causes leaves and branches to pile up when 
water overflows the spillway. 

All three locations were laid out in 0.01-acre plots, five to each 
location. This was done because CMU is sprayed on the ground, 
not on the foliage, and is absorbed by the roots directly. The 
dosages used were 20, 30, 40, 50 and 60 Ib per acre. The amount 
of water used to carry the chemical is not of great importance, as 
long as its enough to distribute the chemical evenly over the entire 
plot. 

The results were excellent. The plots in the open sunlight showed 
100‘ kill in two to three weeks, but those in the shade took 6 to 7 
weeks to reach the same 100° mark. In the first or shady location, 
the 20- and 30-lb dose plots showed that some sassafras bushes sur- 
vived at the end of the summer, but with the richer doses nothing 
survived. Next summer will tell whether we get any re-growth, but 
at present the results look good. In other places that CMU has been 
used, after three years no growth has come back into the sprayed 
area, but in a few other locations some re-growth was observed in 
the second year. Some of the factors that determine how long CMU 
will remain effective are dosage, soil types, rainfall and plant species 
present. Thus as we learn more about this chemical, we have every 
reason to believe that long-lasting results can be obtained in most 
cases. 

The use of CMU as a growth retardant is something we started 
because in some locations some growth is necessary to stabilize the 
soil, so as to prevent erosion. Two locations were picked: one the 
Trout Brook Valley siphon right-of-way, which is a ten-foot mowed 
strip with no shade; the second location, part of Eastern Lake trans- 
mission main right-of-way, which is in the woods, so that the grass 
receives no sunlight. These locations require some grass growth, 
to prevent erosion, but mowing must be done by hand. Each area 
was divided into five plots, each containing 0.01 acre, and the plots 
were sprayed with doses of 2, 4, 6, 8 and 10 lb per acre. 
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The plots were examined twice last summer and fall. At the first 
location some growth retarding was noted, even in the two-pound 
plot. The control plot had grass 14 to 24 in. high, while in the 2-, 4- 
and 6-lb plots, the grass grew only 4 to 8 in. high. In the 8- and 10-lb 
plots, some plants were killed, but the remaining were only 2 to 4 in. 
in height. In the second location, which was shady, the effect was 
slower, but the 10-lb plot showed good control, comparable to the 
6-lb plot at the first location. Even in the two-pound plot, grass grew 
only 8 in., compared to the control growth of 16 in. 

Both locations show great promise and, since neither the control 
nor the sprayed plots were mowed this year, we will see the effect 
next year. 

Our experiments with 24D and 245T away from the brooks 
showed that ammate can be used in most cases in weed control just 
as easily, almost as cheaply and with much less danger of damage 
to nearby crops and shrubs. 

The conclusions that we can draw after three years of experi- 
menting are: 

1. Ammate and CMU look like the two best herbicides to use on 

the watershed. 

2. Ammate has been very good in the control of water-line growth. 

3. Ammate can be used easily, economically and with no danger to 

the water supply. 

4. If poison ivy is a problem to workers, it can be completely eradi- 
cated by ammate. 

If CMU continues to retard growth in the next two years as it 
has the first year, it will go a long way toward solving the mow- 
ing of the different areas. 

6. CMU in larger doses can be used to remove and stop re-growth 
of plants in areas where no growth is wanted. 

CMU is at present high-priced, but the small amount used brings 

the cost per acre down to the level of other soil sterilizers, which 

are not safe to use around a water supply. 


vi 


I feel that, from our past experiments and some future planned 
ones, our knowledge of chemical herbicides will be complete enough 
to warrant wholesale use of these chemicals to replace some of our 
hand mowing, with a considerable saving in time and expense. 
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PROCEEDINGS 
JANUARY 1953 MEETING 
STATLER, Boston, Mass. 
THURSDAY, JANUARY 22, 1953 
President Stanley M. Dore in the Chair. 


Secretary Knox announced the election of the following to mem- 
bership in the Association: 


Albert E. Mountain, Superintendent, Water Company, West- 
ford, Mass.; Ronald I. Marshall, Assistant Superintendent, Water 
Department, Georgetown, Mass.; Robert Lee McGrath, Superin- 
tendent, Water Works, Pepperell, Mass. 


Corporate: 


Abington Water Works, Abington, Mass.; Board of Water Sup- 
ply, Honolulu, Hawaii. 


A paper on “Chlorination—A Ten-Year Review” was read by 
Attmore E. Griffin, Technical Service Director, Wallace & Tiernan 
Co., Inc., Newark, N. J. 


A paper on “Operation of the Lynnfield, Massachusetts, Water 
Supply” was read by Clifton E. Hodgdon, Superintendent, Water 
District, Lynnfield Center, Mass. 


A paper on “Corrosion Control at Danbury, Connecticut” was 
read by Ellis A. Tarlton, Consulting Engineer, Danbury, Conn. 
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FEBRUARY 1953 MEETING 
Hote. STATLER, Boston, Mass. 
FEBRUARY 19, 1953 
President Stanley M. Dore in the Chair. 


Secretary Knox announced the election of the following to mem- 
bership in the Association: 


Samuel L. Satcher, Superintendent, Auburn Water District, 
Auburn, Mass.; Ernest R. Coutermarsh, Chairman, Water Commis- 
sion, Lebanon, N. H.; Kenneth P. Currie, District Manager, Caribou 
Water Works Corp., Mars Hill, Me.; Paul J. Higgins, Superin- 
tendent, Water Department, Medway, Mass.; Ernest Boyd Livesay, 
Superintendent, Brunswick-Topsham Water District, Brunswick, 
Me.; Anthony J. Molinaro, Superintendent, Water and Sewer De- 
partment, Franklin, Mass.; Eugene F. Redlon, Superintendent, Dux- 
bury Fire and Water District, Duxbury, Mass.; Edgar P. Snow, Presi- 
dent, C. W. Riva Company, Construction Engineers, Providence, 
R. J.; George H. Wile, Superintendent, Lisbon Water Department, 
Lisbon Falls, Me. 


Associate: 
M. C. Britt Co., Groton, Mass. 


A paper on “Operation of the Waltham Water Department” was 
read by Clarence B. French, Civil Engineer, Water Division, Waltham, 
Mass. 


A paper on “Washing Slow-Sand Filters with a Lateral Flow 
of Water” was read by Alexander J. Minkus, Engineer of Purifica- 
tion, Metropolitan District Water Bureau, Hartford, Conn. 


A film, “Deep Waters”, was presented by the Layne-New York 
Co., Inc. 
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Marcu 1953 MEETING 
Hotet CONTINENTAL, CAMBRIDGE, Mass. 
THURSDAY, MArcH 19, 1953 
President Stanley M. Dore in the Chair. 


Secretary Knox announced the election of the following to mem- 
bership in the Association: 


Carl A. Arenander, Partner, Malcolm Pirnie Engineers, New 
York, N. Y.; Frederick W. Anthony, General Foreman, Water De- 
partment, New Bedford, Mass.; John H. Miller, Superintendent, 
Water Department, Warwick, R. I.; Robert D. Mitchell, Consulting 
Engineer, Malcolm Pirnie Engineers, New York, N. Y.; Frank X. 
Pooley, Superintendent, Water Department, Woonsocket, R. I.; John 
W. Whitehead, Superintendent, Water Department, Dartmouth, Mass. 


Upon motion duly made and seconded, it was Vorep to appoint 
the following as the Nominating Committee: Sidney S. Anthony, 
Arthur C. King, Donald C. Calderwood, Arthur L. Shaw and Harold 
W. Griswold. 


An official welcome was extended to the Association by John J. 
Curry, City Manager of Cambridge. 


A paper, “Responsibilities and Aims of the Water Works In- 
dustry,” was read by Charles H. Capen, President, American Water 
Works Association, Wanaque, N. J. 


A paper on “Operation of Plant Facilities” was read by William 
H. McGuinness, Superintendent, Water Department, Cambridge, 
Mass. 

A paper on “Improvements to Pumping and Filtration Facilities 
at Cambridge Filter Plant” was read by Thomas R. Camp, Consulting 
Engineer, Boston, Mass. 


A paper on “Planning of a New Water-Works Maintenance 
Plant” was read by Theodore G. Ames, Architect, Boston, Mass. 
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This document presents in slightly revised form 
the “special castings” portion of “Standard Speci- 
fications for Cast-Iron Water Pipes and Special 
Castings—7C.1-1908" which was adopted by 
AWWA on May 12, 1908. Although it has been 
superseded for new installations by various Ameri- 
can Standards for cast-iron pipe and fittings (ASA 
specifications A21.2, A21.6, A21.8, and A21.10), 
it is still valid and useful as a basis for replacing 
fittings in distribution systems constructed accord- 
ing to the original 1908 specifications. 

Certain revisions of the 1908 text approved by 
AWWA on Dec. 31, 1952, and by NEWWA on 
Jan. 22, 1953, are contained in the present document 
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Specifications C100 were revised Dec. 31, 1952. 


. Removal of the material on cast-iron pipe. 


ne nro 


Latest Revisions to C100 (Formerly 7C.1-1908) 


The changes consist of: 


. Revision of the tables of weights for cast-iron fittings. 

. Elimination of the old Type 1 reducer and Type 1 Y branch. 

Changes in bell and spigot dimensions (Table 1). 

. Changes in offset design to give three offsets per pipe size instead of one (Table 4). 


6. Larger dimensions for blowoff branches with manhole (Table 8) and for manhole 


pipe (Table 9). 


7. Simplification and correction of illustrations, particularly Fig. 1, 6, 11, 12, and 13. 


8. Miscellaneous additions (such as that of 


corrections. 


published in March 1953. 


This printing contains all the revisions and changes summarized above. 


bell-and-bell combinations) and 


These revisions have been incorporated into the text of the Second Edition, first 
The text of the earlier edition thus becomes obsolete. 


Sec. 
| 
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Sec. 1—Description of Fittings 


The fittings shall be made with bell 
and spigot joints and shall conform, 
within the specified tolerances, to the 
dimensions given in the tables forming 
a part of these specifications. 

For pipe 4-12 in., one class of fittings 
shall be furnished, made from Class D 
patterns. Spigot ends shall have re- 
duced outside diameters as shown by 
Table 1 and shall taper back for a dis- 
tance of 6 in. 

For pipe 14-24 in., two classes of 
fittings shall be furnished—Class B, 
and Class D, on which the letters “B” 
and “D", respectively, shall be cast. 
For pipe 30-00 in., four classes of fit- 
tings—Classes A, B, C, and D, shall 
be furnished and they shall have cast on 
them the letter of the class to which 
they belong. 

Classes A, B, C, and D fittings pro- 
vide for the following working heads 
and pressures : 


Class Head Pressure 
ft psi 
\ 100 43 
B 200 86 
Cc 300 130 
D 400 173 


The flanges on all manhole castings 
and manhole covers shall be faced and 
drilled as shown in the tables. The 
manufacturer shall furnish mild steel 
bolts with square heads, hexagon nuts 
and gaskets. 
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Sec. 2—Variation in Diameter 


Sockets and spigots shall be tested 
with circular gages. Tolerances of fit- 
tings made from standard patterns are: 


Size Range 


Lolerance 


in, in 
4-16 + 0.12 
18-24 + 0.15 
30-42 + 0.20 
48-60 + 0.24 


Sec. 3—Variation in Thickness 


The thickness tolerance for fittings 
with standard wall thickness of less than 
1 in. shall be minus 0.12 in. The toler- 
ance for fittings with standard wall 
thickness | in. and more shall be minus 
0.15 in. An additional tolerance of 
0.03 in. is permitted for spaces not ex- 
ceeding 8 in. in length in any direction. 


Sec. 4—Variation in Weight 


The weight tolerance for 4-12 in. 
standard fittings is +10 per cent. 
lor 14-00 in. fittings, the tolerance is 
“8 per cent. 
the tolerance is 


For bends and wyes, 

12 per cent. 

No weight shall be paid for that is in 
excess of the amount allowed by maxt- 
mum tolerance. No fitting shall be- 
accepted that weighs than the 
amount allowed by minimum tolerance 


Sec. 5—Marking 


Each fitting shall have cast, on the 
outside, the initials of the maker's name 


less 


1 


and the class. As many as four special 
initials and the year may also be cast 
when required by the customer. The 
weight shall be painted consp:cuously 
on each fitting. 


Sec. 6—Quality of Iron 


All fittings shall be made of cast iron 
of good quality. ‘The metal of the cast- 
ings shall be strong, tough, of even 
grain, and soft enough to drill and cut 
satisfactorily. The manufacturer shall 
have the right to make and break three 
bars from each heat and report the aver- 
age results of the three tests. 


Sec. 7—Tests of Material 


At least one test bar of the metal 
used, 26 in. long by 2 in. wide and 1 in. 
thick, shall be made and tested from 
each heat. The bars, when placed flat- 
wise upon supports 24 in. apart, and 
loaded in the center, shall support a 
load of 2,000 Ib and show a deflection 
of not less than 0.30 in. before break- 
ing. If preferred, tensile bars which 
will show a breaking point of not less 


than 20,000 psi shall be made. 
Sec. 8—Quality of Castings 


The fittings shall be smooth and free 
from defects of every nature which 
would make them unfit for the use for 
which they are intended. No plugging 
or filling will be allowed. 


Sec 9—Cleaning and Inspection 


All fittings shall be thoroughly 
cleaned and subjected to a careful in- 
spection. 


Sec. 10—Linings and Exterior Coat- 
ings 


Any particular lining or coating 
which is to be applied to the fittings 
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shall be specified in the agreement made 
at the time of purchase. Separate 
specifications for cement-mortar lining 
(ASA A21.4; also known as AWWA 
C104) have been provided as a part of 
specifications for pipe. 

No fittings for water works service 
shall be furnished without protective 
coating unless specifically ordered by 
the purchaser. 


Sec. 11—Weighing 


The fittings shall be weighed under 
the supervision of the engineer before 
the application of any lining or coating 
other than hot or cold bituminous dip 
or paint. If desired by the engineer, the 
fittings shall be weighed after their de- 
livery, and the weights so ascertained 
shall be used in the final settlement, pro- 
vided such weighing is done by a legal- 
ized weighmaster. Bids shall be sub- 
mitted and a final settlement made upon 
the basis of a ton of 2,000 Ib. 


Sec. 12—Men and Material 


The manufacturer shall provide all 
tools, testing machines, and labor neces- 
sary for the required testing, inspection 
and weighing at the foundry. If speci- 
fied on the order, the manufacturer 
shall furnish the test results and a sworn 
statement that all of the tests have been 
made as specified. 


Sec. 13—Power to Inspect 


The engineer shall be at liberty at 
all times to inspect the material at the 
foundry, and the molding, casting, and 
coating of the fittings. All castings 
shall be subject to his inspection and 
approval, and he may reject any cast- 
ing which is not in conformity with the 
specifications or drawings. 
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Sec. 14—-Inspector to Report 


‘the inspector at the foundry shall 
report daily to the foundry office all 
fittings rejected, with the causes for re- 
jection. 


Sec. 15—Delivery of Fittings 


All fittings must be delivered in all 
respects sound and conformable with 
these specifications. The inspection 


shall not relieve the manufacturer of 
his obligations under this section, and 
any defective fittings which may have 
passed the engineer at the works or 
elsewhere shall be at all times liable to 
rejection when discovered, until the 
final completion and adjustment of the 
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contract; provided, however, that the 
manufacturer shall not be held liable for 
fittings found to be cracked after they 
have been accepted at the agreed point 
of delivery. Care shall be taken in 
handling the fittings not to injure the 
coating, and no material of any kind 
shall be placed inside the fittings at any 
time after they have been coated. 


Sec. 16—Definition of ‘‘Engineer’’ 


Wherever the word “engineer” is 
used herein it shall be understood to 
refer to the engineer or inspector acting 
for the purchaser and to his properly 
authorized agents, limited by the par- 
ticular duties entrusted to them. 
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f € 


Ajo) B 5 


and 14- to 60-in. Spigots 4-10 Spigots 


n. on 8-60 in 
mon 14-60 in 


I> 396 166 7.26 


1.25 350 065 0.35 1.30 0.48 434 
4 ID 5.00 4.90 5.70 8.40 1.50 | 4.00 0.65 0.40 | 1.30 | O52 | 0.47 5.28 
6 ID 7.10 7.00 7.80) 10.60 1.50 | 4.00 0.70 0.40 1.40 | OSS 0.50 7.38 
) 980 9.18 10.00 | 13.00 1 5 


10 25 | 12.10 | 15.30] 1 1 

12 | 13.50 | 13.35 | 14.20 | 17.60 1.50 1.00 O.85 0.42 1.70 0.75 0.68 13.73 
14 B | 15.30 16.10) 19.50 1.50 4.00 O40 1.70 0.66 15.80 
4 | 1645 205) 1 


18.40, 22.00 1 
16 1) 17.80 18.80 22.00 1.75 1.00 0.50 1.90 O89 | 18.30 
Te B 19.50 0.50 | 24.30) 1.75 400) 0.95 0.50 1.90 | 0.75 | 20.00 
| 20.92 | 25.12) 1 2 


22.00 26.60 


37.96 38.96 13.96 


| 

| 2 4.50 1.25 O50 2.50 0.99 38.46 
| 38.30 | 39.30 | 44,90 2.00 1.40 0.50 2.80 38.80 
( | 38.70 39.70 | 45.90 1.50 1.60 0.50 4.10 1.36 39.20 
39.16 10.16 | 46.96 | 2.00 1.50 1 3 


42 A | 44.20 $5.20 | 50.80 00 5.00 1 , 1 
4? B | 44.50 45.50 | 51.50 00 5.00 1.50 0.50 3.00 1.28 45.00 
42 } * | 45.10 16.10 52.90 |) 2.00 §.00 | 1.75 0.50 3.40 1.54 15.60 
42 5 54.18 2 5 1 3 1 
48 B | 50.80 51.80 | 58.40 00 5.00 | 1.65 0.50 3.30 1.42 51.30 
48 } 51.40 §2.40 | 60.00 | 2.00 5.00 1.95 0.50 3.80 1.71 51.90 
} 5 61.38 | 2 5 | 4 I 
| 64.06 | 2.2 3 | 1 
54 | B | 57.10 58.10 | 65.30 | 2.25 5.50 1.80 0.50 3.60 35 | 57.60 
( | 57.80 58.80 | 66.80 2.25 5.50 | 2.15 0.50 4.00 1.90 | 58.30 
D 58.40 59.40 68.20 2.25 | 5.50 | 2.45 0.50 | 4.40 2.23 | 58.90 
60 | A 62.30 63.80 | 70.60 | 2.2 5.50 | 1.70 0.50 3.40 1.39 | 63.30 
60 | K 63.40 64.40 | 71.80 | 2.25 5.50 1.90 0.50 3.70 1.67 63.90 
60 ( 64.20 65.20 73.00 2.25 5.50 2.25 0.50 4.20 | 2.00 64.70 
| 2 22 5.5 4 65.32 


* For sizes 3 in. and 14-50 in., Ai = A and & 


‘ 
4 
| 
: 
F f 025" 
z 
‘ 
} 
A,| W} 
; rand y Common 
: to Al 
re m on46ir 
TABLE 1. Standard Dimensions of Bells and Spigots for Fittings 
| Dimensions —tn 
A B ( D G | Hu t 
| B | 21.60 | 1.00 | 050 | 2.00 | 0.80 | 22.10 
j 20 I) j 27.06 23.06 27.66 | 1.75 oo 1.15 0.50 2.30 | 1.03 22.56 
24 B } 25.80 26.80 31.00 2.00 100 1.05 0.50 2.10 | 0.89 26.30 
24 | I) | 26.32 27.32 | 32.32 | 2.00 4.00 1.25 0.50 2.50 1.16 26.82 
“ae 31.74 32.74 | 37.34 | 2.00 | 4.50 | 1.15 | 0.50 | 2.30 | 0.88 32.24 
0 K 32.00 43.00 37.00 20 1.50 1.15 0.50 2.30 | 1.03 32.50 
0 | ( | 32.40 33.40 38.60 > 2.00 4.50 1.32 0.50 200 | 1.20 32.90 
30 1) 32.74 33.74 | 39.74 | 2.00 | 4.50 | 1.50 | 0.50 | 3.00 | 1.37 33.24 
: = 
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4 Lugs, 12-14 in. 
8 Lugs, 42-60 in. 


6 Lugs, 16-36 in. 


Nominal \pprox 
Diameter Number Weight, | Weight, 
Outlet | of Lugs Bell Lugs Spigot Lugs || 
lh 10 


w 


4 
4 


on 


6 
6 
6 
6 


lwo pairs of lugs are placed on the vertical axis of each bell, the others at equal distances 
around circumference. As there are only six lugs on fittings in the 16-36-in. size range, pur- 
chasers should furnish a sketch showing location of lugs. On spigot end of pipe, unless other- 
wise specified, lug faces are located 21 in. from end of spigot. ‘This dimension varies for fittings 
h is equal depth of bell on all sizes 

G equals 2.50 in., x equals 1.25 in., y equals 1.63 in. for 12 to 24 in. inclusive. 

G equals 3.00 in., x equals 1.50 in., y equals 2.00 in. for 30 to 60 in. inclusive 


4 5 
iv) 
“ 
4 
~ 
oe, 
- 
A, OS 
h 
3 
3 
: TABLE 2. Standard Lugs 
Nominal \pprox \pprox 
2 Diameter Number Weight Weight, ; 
2 12 30 30 6 80 125 
14 30 36 6 85 135 
0 16 45 0) 42 8 130 00 
; 18 50 I 18 8 130 210 
20 50 54 8 145 30) eo 
24 | 50 1) o |} 8 4150 50) 
| | | 
fy 
) 
) 
) 
) 


4 Bends (90°) 


Dimensions* | 


| 


Bell 
k | and 
Opigot 


| 22.60 90 


22.60 135 | 


22.60 200 


22.60 285 


22.60 | 365 


25.50| 410 
25.50) 495 | 
34.00} 590 
34.00! 740 
34.00} 705 


34.00} 895 
4.00 | 835 
34,00] 1,070 
42.40 | 1,275 
42.40 | 1,665 
50.90 | 1,820 
50.90 | 2,090 


50.90 | 2,450 


50.90 | 2,825 | 2 


67.90 | 3,000 
67.90 | 3,500 


67.90 | 4,145 


167.90 4,830 


Weight 
lb 


t 


Sin the 4 
" For 4 bends, S = 
+ All a wwelehes are rounded out to the nearest 5- Ib multiple. 


and 6 


0.55) 24 


24 
24 
24 


70) 36 


36 


5| 36 
| 


| 
48 


48 


0.89) 60 
1.16) 60 
| 


| 60 


60 


.20) 60 


60 


90 


5) 90 
90 
58) 90 


90 
90 
90 
90 


90 
90 
90 
90 


| 90 

90 | 
| 90 
| 90 


90 


7; 90 


90 
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7 
Standard Bends 


Dimensions* 


| 18.40 


= 


68.90 
68.90 
68,90 


90 | 68.90 


sizes. 


10,230 


Weight? 
lb 


Bell 


Spigot) 


1 180) 
1,690 
1,980 
2,285 


2,500) 2 
2,920 
3.450 
4,020 


5,960) 
7,110 
8,585 


in, sizes equals 8 in.; in the 8-in. size, S 
i For bends. 


11,870) 180 


180 
180 
180 


18.70 | 
18.70 | 
18 70 | 


46.80 
46.80 


46.80 
46.80 
46.80 
46.80 


70,20 | 
70.20 | 
70.20 | 


70.20 


70.20 
70.20 
70.20 
70.20 


70.20 
70,20 


70.20 
70.20 
70.20 
70.20 


Jour. AWWA 


fe Bends (224°) 


Weightt 
lb 


Bell 
and 
Bell 


90 
125 
180 
240 
305 


400 
475 
500 
60S 


590 
730 
825 
1,045 
1,255 
1,625 


1,645 
1,830 
2,145 
2,490 


2,885 
3,300 
3,900 
4,605 
3,820 
4,370 
5,280 
6115 


4.905 
5 


| 5,545 


6,710 
7,755 


6,025 
6,960 
8,510 
10,020 


6,975 
8,245 
9,970 
11,870 


= 10 in.; and in the 10—36-in. size 


‘Ss = 6 in. in the 4-12-in. sizes 


6 
~ 
N 
90°— 
22: 
TABLE 3. 
: | 
| 
in. Class | | rm Class | 
Bell | | | Bell Bell 
t | ’ and | | ¢ r k and | and r k and 
} | Bel | | Spigot 
4 | D |0.52) 16 4) lo 52\24 75 48 75 
| o| D /1 110} 125) 48 110 
6 | D 10.55} 16 D \0.60 155} 180] 48 155] 
10 | 210} 240) 48 | 210 
8 | |0.60) 16 200 | 12 D |0.75 1 305| 48 18.70) 270) 
10 | D |0.68| 16 | | (275 1414) B | 0.06 365) 400} 72 | 28.10 315| 
| 4) D 440) 475) 72 | 28.10) 380 
12 D | 0.75 16 | 350 | 16 B 0 445) S00) 72 | 28.10 385| 
16 | D 0.89) 550) 605) 72 28.10 | 480] 
14} B 10.66) 18 goo | 18 | B 0 555} 590 
j 18 | D |09 6605) 730) 72 | 28.10 460) 
14| D }0.82) 18 | 70 | | 72 | 28.10 
| 479! |o.sollllll | 36.70) 825| 96 | 37.50| 670 
| B 10.701 24 | soo | 20 | D | 1.03) 36:70! 965) 1,045] 96 | 37.50] 860 
24 | B | 45.90 1,165) 1,255] 120 1,055} 
16 | 24 | 720 | 24 | D 45.90 | 1,520) 120 1,875) 
30 | A | 45.90 | 1,645] 120 | 1,345] 
| lors 24 30 | B | 1.03) | 45.90 1'830| 120 1,530} 
30 | C | | 45.90 | 2.145) 120 | | 1,795 
4 18 ID |0.96 24 870 30 D | 1.37) | 45.90 2.490) 120 | | 2,075) 
20 | 24 | A to | 68.90 885| 180 2,500) 
= 36 | B 68.90 180 2,920 
20 | DD | 1.03) 24 1,045) 36 | | 68.90 960) 180 3,450 
| 36 D 68.90 180 | 4,020 
24 | B 10.89} 30 | 1,255 
42 A | 1.10) 68.90 3,280) 3,820] 180 | 3,280 
24 | D | 1.16} 30 | 1,625 | 42 B | 1.28) | 68.90 | 3,785) 4,370) 180 | | 3,785 
| 42 | C | 1.54) | 68.90 | 4,580) 5,280] 180 4,580 
A 36 1,850 | 42 D | 1.78 5,315) 6,115} 180 5,315] 
30 | B 36 | 2,075 | 48 | A 1.26 68.90 | 4,250) 180 4.250] 
48 | B | 1.42 | ox 90 | 4,800) 97545) 180 1300 
30 | C | 1.20) 36 | | 2,430 | 45 Cc 1.71 | 68.90 5,815 710) 180 | 70.20 5,815 
48 | D 1.96 | 68.90 | 6,715) 180 | 70.20 6.715) 
| sa] A [1.35 68.90 | 5,180] 6,025) 180 | 70.20 5.180) 
4 | 54 B | 1.55 68.90 | 5,975 6,960} 180 | 70.20} 5,975 
36 \ | 0.99) 48 |190 68.90 | 7.330} 8.510} 180 | 70.20] 7.330} 
35 ) 7 ) 5 
| | 2.23 68.90 8.635] 10,020 180 | 70.20] 8,635) 
60 | A | 1.39) 6,975 5,960 
| C 1,36) 48 | 4,155] 60 | B 81245 7,110] 
| | 60 | C | 2.00 | 8,585] 
36 | D |! 58) 48 4.835 60 | D 
i 
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TABLE 4. Standard Bends and Offsets 


Bends (113 ', Bends (5} 


| 
Jimensions Weight* | Dimensions Weight* 
lb m lb 


Dimensi 
im 


Bell Bell | Bell Bell 


and F and and 
Spigot Bell 


23. 
23. 
23. 
23. 
23 


480 
480 
480 
480 


480 
480 
480 
480 


480 
480 
480 
480 


480 
480 
480 
480 


480 
180 
480 
480 


480 
480 
480 
480 


480 

480 

6,195 | 7,! 4180 

7,370 | 480 
| 


* All weights are rounded out to the nearest 5-lb multiple. 


7 
~ 
6° 
a 55 
Offsets 
| 
= 
Size — Size Weight 
t |r k | | 
4 D | 052 | 120 70 95 | | | 41D] 6 | 27 80 
6 | | 055 | 120 | 105) 140) dD] 0 
8 D | 0.60 | 120 52} 200} | 41D 18 | 110 
10 D | 0.68 | 120 52} 205! 265 i| 
12 Db 0.75 | 120 52| 200) 340 | | 6 | D | 6 28 | 120 
6 D} 12 | 34 | 145 
14 B | 0.66 | 180 | 35 28 | 375} 455 | 6 pb} i | a1 | 47s 
14 | D | 0.82 | 180 135.28) 450) 545 
16 B | 0.70 180 | 35.28 $55) 565 8 D 6 | 29 | 180 
16 D | 0.89 | 180 | 35.28] 565} 695 8 | D 12 | 36 | 220 
18 | B | 0.75 | 180 | 35.28] S40!) 670 | 8 | 18 | 43 | 200 
18 D | 0.96 | 180 | 35.28) O85) 835) 
| 10 6 30 | «245 
20 B 0.80 | 240 | 47.05 800 | 955 | 417.10) 800) 955'| 10 ID 12 | 38 | 305 
20 ID 1.03 240 | 47.05 1,030 | 1,215 147.10} 1,030] 1.215 10 | 18 16 | 365 
24 | B | 0.89 | 240 | 47.05 | 1.000} 1.255 | 47.10! 1.060 | 1.255 | 
24 D | 1.16 | 240 | 47.05 | 1,375 | 1,620 47.10 | 1,375 | 1,620 |) 12 D 6 44 | 350 
12 D 12 5 | 450 
30 A | 0.88 240 | 47.05 | 1,345 | 1,640} 47.10} 1,345] 1,640}| 12> | D 18 56 | 550 
30 B 1.03 | 240 | 47.05 | 1.530)! 1,830] 47.10 | 1,530 | 1,830 | | } 
30 Cc 1.20 | 240 | 47.05 | 1,795 | 2,145 | 47.10) 1,795} 2,145]| 14 | B | 6 | 35 375 
30 Db 1.37 | 240 | 47.05 | 2,075 | 2 490 | 47.10 | 2,075 2,490|| 14 | B | 12 | 46 475 
14 | BI 18 | | S80 
36 A | 0.99 | 240 | 47.05 | 1,795 | 2,180 | 47.10] 1,795 | 2,180 | 
$6 1.15 | 240 | 47.05 | 2,095 | 2.540] | 47.10 | 2,095 | 2,540 ea 
36 1.36 | 240 | 47.05 | 2,470 | 2,980 } 47.10) 2,470 | 2,980 4] 12 | 46 580 
6 D | 1.58 | 240 | $7.05 | 2,875 | 3,460 47.10 | 2,875 | 3,400 14 D | 18 57 710 
| | 
42 A 1.10 | 240 | 47.05 | 2,370} 2.905 47.10 | 2,370 | 2,905 || 16 | B | 6 35 | 460 
42 B 1.28 | 240 | 47.05 | 2,720 | 3,305 | 47.10 | 2,720 | 3,305|| 16 | B 12 18 | 600 
42 & 1.54 | 240 | 47.05 3,290 | 3,985 | 47.10 | 3,290 | 3,985 16 | B | 18 58 | 710 
42 D | 1.78 | 240 | 47.05 | 3,815 | 4,615 47.10 | 3,815 4,615 } 
| 6 | D| 6 | 35 570 
48 A | 1.26 | 240 | 47.05 | 3,055 | 3,715 | | 47.10 3.055} 3,715|| 16 | D | 12 | 48 | 750 
48 B 1.42 | 240 47.05 | 3,455 | 4,195 | 147.10 | 3,450 | 4,195} 16 | D 18 | 58 895 ? 
48 ( 1.71 | 240 | 47.05 | 4,180 | 5,075 | 47.10 | 4,180 | 5,075 |} } 
48 1 | 1.96 | 240 | 47.05 | 4,825 | 5,870 | | 47.10 | 4,825 | 5,870 || 
| | 
s4 | A 1.35 | 240 | 47.05 | 3,740 | 4,585 17.10 | 3,740 | 4,585 || 
54 B 1.55 | 240 | 47.05 | 4,315 | 5,305 | 47.10 | 4,315 | 5,305 ; 
54 C 1.90 | 240 | 47.05 | 5,285 | 6,470 | | 47.10} 5,285 | 6,470 | 
54 D | 2.23 | 240 | 47.05 | 6,225 | 7,610 47.10 6,225 | 7,610 | 
| | . 
60 | A | 1.39 | 240 | 47.0 47.10 | 4,320 | 5,330 || | | 
oO B 1.67 | 240 | 47.0 $7.10 | 5,125 | 6,260 : 
60 C | 2.00 | 240 | 47.0 | 47.10 | 6,195 | 7,580 
60 | D | 2.38 | 240 | 47.0 | 47.10 | 7,370 | 9.015 ; | 
| 


AWWA SPECIFICATIONS Jour. AWWA 


TABLE 5. Standard Tees and Crosses 


Weight*—lb 
Nominal Dimensions—in. 
Diam. om 

(A XB) rosses 


2 Bells | 3 Bells 4 Bells 


4x3 : 120 150 155 
4x4 : 130 170 170 
6x3 175 205 200 
6X4 180 220 220 
6X6 200 260 255 


8x4 ; : 250 290 290 
8x6 270 325 325 
8x8 : 290 370 370 


104 340 380 370 
10 X6 360 K 415 405 
10X8 380 : 455 445 
10 10 405 505 495 


445 485 465 
126 460 515 495 
128 : : 485 560 540 
12X10 : : 505 610 590 
12X12 : : 535 665 645 


144 495 535 525 
595 635 610 
14X6 515 570 560 
610 665 640 


14x8 549 620 610 
148 635 710 685 
14X10 560 670 660 
14X10 655 760 730 


* All weights are rounded out to the nearest 5-Ib multiple. 


8 
A — 
| 
f 
— j — 
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TABLE 5. Standard Tees and Crosses (continued) 


Weight*—lb 
Nominal Dimensions —in. 

Diam. 
(A B) rosses 
in 


2 Bells Bells 3 Bells 4 Bells 


14X12 
14X12 
14X14 
14X14 


580 730 720 
655 810 785 
590 745 740 
695 890 860 


16x4 
16x4 
16X6 
16X6 


615 660 655 
740 800 780 
630 696 690 
755 830 805 


16xX8 
16X8 
16X10 
16X10 


655 740 735 
775 875 855 
680 790 785 
800 925 900 


~ 


16X12 710 845 840 
16X12 825 975 950 
16X14 715 860 860 
16X14 860 1,045 1,020 
16X16 755 940 940 
16X16 915 1,150 1,125 


18 x4 745 795 785 
18x4 915 985 955 
18 X6 765 830 820 
18 X6 d : 925 1,010 980 


785 870 865 
18x8 : 950 1,055 1,025 
18x10 810 920 | 915 
18x 10 975 1,100 | 1,070 


18X12 835 975 | 
18x12 000 1,150 | 
18x14 845 990 

1814 5! 025 1,210 | 


18X16 : 880 1,060 
1816 075 1,305 
18X18 2! 915 1,135 
18x18 125 | 1,405 


204 900 | 950 | 
| 3 1,130 | 1,195 
206 915 | O85 
206 1,145 1,225 


* All weights are rounded out to the nearest 5-lb multiple. 


| 
a | r | 
16 28 16 590 
16 28 16 680 
16 28 16 600 
16 28 16 725 : 
17 29 17 620 
17 29 17 765 
17 29 17 635 . 
17 29 17 775 
17 29 17 660 
17 29 17 800 
17 29 17 685 
|_| 17 29 17 825 
965 
1,125 
O85 
1,180 
1,050 
| 1,275 
1,130 
1,375 
940 
1,170 
975 
1,200 
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TABLE 5. Standard Tees and Crosses (continued) 


Weight* 
Nominal Dimensions —in,. 
Diam | 
A XB) Crosses 
in | 


2 Bells 3 Bells | 3 Bells 4 Bells 


950 | 940 1,030 1,020 
20*8 1,195 | 1,165 1,265 1,240 
970 965 | 1.075 | 1.065 
2010 1,215 | 1,185 | 1,310 1,280 


2012 1,000 | 990 1,115 
2012 1,240 1,210 355 | 1,330 
2014 1,010 | 995 14: 1,130 
20% 14 1,270 | 1,240 1,390 


20X16 : 1,040 | 1,030 1,200 
20% 16 1,315 1,290 1,485 
20X18 1,075 1,065 1,265 
20X18 1,360 1,330 1,570 
20 20 : 1,105 1,350 
20 K 20 1,390 1,690 


246 21 1,260 
246 21 3. 21 1,655 1,615 
248 21 3. 21 1,305 | 1,280 
248 1 1,67! 1,630 


2410 
2410 
2412 


= 


Do 


wu 


= 
Nm Ww 


1,445 
1,600 
1,850 
2,030 2,110 


* All weights are rounded out to the nearest 5-lb multiple. 


10 
H | J 
1,335 1,31 
1,705 1,66 
4 1,380 1,35 
1,745 | 1,70 
4 B (33 | 21 | 1,32 61,410 
D 2 1,69 1,745 
B 21 | 33 | 21. «1,35 1,450 
4 21 | 1,785 
| 
24x14 B 21 | 1,355 1,335 1,460 
24x14 D 21 1,745 | 1,700 «1,845 
: 2416 B 21 33 21 1,390 | 1,370 1,530 
: 24X16 D 21 33 21 1,785 | 1,745 1,930 
| 
i 2418 B 21 33 21 1,420 | 1,395 | 1,610 | 1,585 
s 2418 D 21 33 21 1,825 | 1,780 2,045 | 2,005 
24 20 B 21 | 33 21 1453 | 11430 | 1/688 | 1,660 
2420 D 21 33 21 1,880 | 1,835 2,155 2,110 
2424 B 21 33 21 1,530 | 1,505 1,840 1,815 
24x24 D 21 33 21 | 1,985 | 1,945 | 2,370 2,325 
: 306 A 13 25 24 | 1,290 | 1,320 | 1,350 1,375 
. 30 X6 B 13 25 24 | 1,450 | 1,430 1,505 1,485 
106 13 25 24 1,690 | 1,670 1,745 1,725 
D 3 | 25 | 24 1,945 | 1,935 1,995 1,985 
a 0x8 A 14 26 24 1,365 | | 1,470 
308 B 14 2% 24 1,525 (1,580 
308 14 26 24 1,775 | 1,830 
0x8 | D 14 26 24 2,040 2,100 
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TABLE 5. Standard Tees and Crosses (continued) 


Weight* 
Nominal Dimensions 
Diam. | 
A XB) Crosses 
in. 


~ 


3 Bells ells 4 Bells 


30 «10 
10 
30 «10 
30 «10 


1,560 
1,685 


30% 12 
30 «12 
30K 12 
30% 12 


3014 
3014 
30 14 
30% 14 


3016 
30 «16 
30% 16 
30% 16 


30% 18 
30 x18 
30 «18 L 
30K18 4: | 2,990 


30 « 20 21 94: 5 | 2,205 
30 20 | 24 2,420 
30% 20 21 580 | 2,455 2,890 
30x20 | 21 (785 | 3,205 


30% 24 2,470 
30 24 36! 2,255 2,680 
30 24 : 2, 3,250 
3024 | 2. 3,16: 3,560 


30 X 30 43 5: 2,920 
30 30 3,260 
30 30 3,24: 3,825 
30% 30 i 3,74: 3,54: 4,425 


36 «8 1,865 
2, 2,140 
2,490 
36 95 2,865 


36X10 A : 39: 1,970 
3610 B 
3610 
3610 D 


* All weights are rounded out to the nearest 5-lb multiple. 


! 11 
| | | 2 Bets | 
a | 4s 24 1,430 | 1,460 | 1,535 | 
B 15 | 24 1,605 | 1,585 | 1,705 
Cc 15 24 1,865 | 1,840 | 1,955 | 1,935 
| D | 45 24 | 2,135 | 2,125 | 2,220 | 2,210 . 
A 15 24 «1,460 | 1,485 | 1,585 1,615 
B 15 24 1,630 1,610 1,750 | 1,730 
= 15 24 1,885 | 1,865 2,000 | 1,975 
| D 15 24 2,155 | 2,145 | 2,200 | 2,250 
| A | 18 30 26 1,625 1,650 | 1,775 | 1,800 
| B | 18 30 26 1,815 | 1,795 | 1,960 | 1,949 
: € 18 30 26 2,135 | 2,110 | 2,300 | 2,280 
| D 18 30 26 2,430 | 2,420 | 2,590 | 2,575 be 
} 
A 19 31 26 1,710 | 1,735 | 1,895 | 1,920 
B 19 31 26 1,910 1,890 2,085 | 2,065 
Cc 19 31 26 2,250 | 2,225 | 2,460 | 2,435 
D 19 31 26 2,555 | 2,540 | = 2,745 
2,035 
2,185 
2,590 
2,900 
2,160 
2,315 
2,770 
3,075 
2,425 
2,575 
3,130 
3,435 
2,825 
3,100 
3,635 
4,225 
1,885 
2,165 
2,500 
2,865 ‘4 
1,990 
| 2,280 
2,625 
| 3,000 


12 


36K 12 


3614 
3614 
3614 
36% 14 


36X16 
36X16 
36X16 
36X16 


36X18 
3618 
36X18 
36X18 


36 X20 
36% 20 
3620 
36 X20 


36% 24 
36x 24 
36 & 24 
36X24 


36 
36 30 
36K 30 
36 30 


36K 36 
36 30 
36% 36 


w 


42x 
42» 
42) 


Nm 


x 


42x14 
42x14 
4214 
42x14 
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TABLE 5. Standard Tees and Crosses (continued) 
Weight*—1b 
Dimensions—1. 
Class Tees Crosses 

| | 7 

| H J ! 2 Bells 3 Bells 3 Bells 4 Bells 
A | 16 28 27 1,960 1,985 2,085 2,105 
B 16 28 27 2,260 | 2,285 2,375 2,400 
c 16 28 27 2,635 | 2,645 2,745 2,755 
D 16 28 27 3,040 | 3,040 3,140 3,140 
A 18 30 29 2,110 2,130 2,255 2,275 
B 18 30 29 2,430 2,455 2,505 2,590 
_ 18 30 29 2,860 2,865 3,020 3,025 
D 18 30 29 3,295 3,295 3,435 3,435 
A 19 31 29 2,210 2,230 2,390 2,410 
B 19 31 29 2,540 2,560 2,705 2,730 
_ 19 31 29 3,000 3,005 3,195 3,205 
D 19 31 29 3,440 3,440 4025 3,625 
A 20 34 29 2,370 2,325 2,580 2,535 
B 20 34 29 2,715 2,665 2,915 2,860 
G 20 34 29 3,215 3,135 3,455 3,375 
D 20 34 29 3,690 3,585 3,920 3,810 
A 21 36 29 2,505 2,425 2,750 2,670 
B 21 36 29 2,865 aae9 3,095 3,000 
c 21 36 29 3,405 | 3,275 3,695 3,565 
D 21 36 29 3,890 | 3,730 4,160 4,000 
A 23 38 29 2,710 | 2,630 3,025 2,950 
B 3 38 29 3,080 2,990 3,375 3,285 
c 23 38 29 3,085 3,560 4,080 3,950 
D 23 38 29 4,190 4,030 4,545 38 
A 26 43 29 075 2,930 3,500 3,360 
B 26 43 29 3,535 3,370 3,980 3,815 
Cc 20 43 29 3,955 4,685 4,470 
DD 20 43 29 4,850 4,585 5,445 5,180 
A 29 46 29 3,430 3,290 4,020 3,875 
B 29 46 29 3,995 3,825 4,675 4,510 
c 29 46 29 4,705 4,490 5,490 5,275 
D 29 16 29 5,465 5,200 6,305 6,100 
A 16 28 30 2,545 2,615 2,660 2,735 
B 16 28 30 2,895 2.935 3,005 3,045 
Cc 16 28 30 3,470 3,505 3,565 3,605 
D 16 28 30 3,990 1,030 4,080 4,120 
A 18 30 32 2.io9 2,805 2,870 2,945 
B 18 30 32 3,110 3,150 3,235 3,275 
c 18 30 32 3,750 3,785 3,895 3,930 
D 18 30 32 4,305 4,345 4,440 4,475 


* All weights are rounded out to the nearest 5 Ib multiple. 


Nominal 
Diam 
(A XB) 
in. 
36X12 
36X12 
36X12 
42 
| a 
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TABLE 5. 


Standard Tees and Crosses (continued) 


Weight*—b 
Nominal Dimensions —in. 
ra Class Tees | Crosses 
H J I 2 Bells 3 Bells 3 Bells 4 Bells 
42X16 A 19 31 32 2,850 | 2,920 3,020 3,090 
4216 B 19 31 32 3,235 | 3,280 3,395 3,435 
4216 ¢ 9 | 34 32 3,910 3,945 4,095 4,135 
42 16 D 9 | 31 32 4,485 4,520 4,650 4,690 
42x18 A 20 34 32 3,045 | 3,035 3,245 3,230 
4218 B 20 34 32 3,455 | 3,400 3,640 3,580 
4218 Cc 20 34 32 4,180 | 4,100 4,405 4,325 
4218 D 20 34 32 4,790 | 4,690 4,990 4,890 
42x20 \ 21 36 32 3,205 3,150 3,435 3,380 
4220 B 21 36 32 3,635 | 3,525 3,850 3,740 
4220 Cc 21 36 32 4,405 | 4,265 4,675 4,535 
4220 D 21 36 32 5,040 4,870 5,280 5,110 
42x24 A 23 38 32 3,430 | 3.380 3,725 3,675 
42x24 B 23 38 32 3,885 3,780 4,160 4,050 
42x24 Cc 23 38 32 4,730 4,595 5,090 4,950 
42x24 D 23 38 32 5,390 5,220 5,705 5,535 
42 «30 A 26 43 32 3,865 3,730 4,260 | 4,120 
41 «30 B 26 43 32 4,385 | 4,205 4,785 4,605 
42 30 26 43 32 5,310 5,050 5,770 510 
43 «30 D 26 43 32 6,155 5,845 6,685 6,375 
42 36 A 29 46 32 4,250 | 4.115 4,780 4,645 
42 X 36 B 29 46 32 4,910 | 4,705 | 5.520 5,315 
42 36 G 29 46 32 5,885 5,630 6,575 6,315 
42 « 36 D 29 46 32 6,815 | 6,510 7,600 7,295 
74: 4,610 5,515 5,380 
2 440 5,235 6,290 6,085 
42 ( 32 49 ) 6,565 | 6,310 7,570 7,315 
42 D 32 49 32 7,595 7,285 8,740 8,430 
7 3. 3,34: 3,395 | 3,455 | 3,505 
‘ 7 29 33 3,760 | 3,815 | 3,865 | 3.920 
4812 ( 7 29 33 4,520 | 4,585 | 4,610 | 4675 
4812 D 7 29 33 5,195 5,280 | 5.275 | 5,355 
4814 A 18 30 35 3,475 | 3,520 | 3,600 | 3.650 
48x14 B 18 30 35 3,900 | 3,955 | 4,020 | 4,075 
4814 C 18 30 35 4,710 | 4,775 | 1845 | 4,905 
4814 D 18 30 35 5,400 5,485 5,525 | 5,610 , 
48 X16 A 19 31 35 3,615 | 3.660 3,775 3,820 
48 X16 B 19 | 31 35 4,050 | 4,105 4,200 4,255 
48 16 Cc 19 31 35 4,900 4,960 5,070 §,135 
48 X16 D 19 31 35 5,615 5,700 5,770 5,855 


* All weights are rounded out to the nearest 5-lb multiple. 
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TABLE 5. Standard Tees and Crosses (continued) 


Weight*—lb 

Nominal Dimensions—1in, 

Jiam | . 

1xB ass | Crosses 
im 


1, 2 Bells 3 Bells | 3 Bells | 4 Bells 


4 48x18 |, 35 | «3,860 | 3,795 | 4,040 | 3,980 
48X18 3: 4,320 55 | 4,420 
48x18 | C | 3 5,230 5,14 5,43: 5,350 
18 x18 3: 5,990 5, 7 6,085 


48 « 20 
48 20 
418 «20 


4,145 
4,605 
5,585 
6,330 


48x24 | . _ 35 330 | 4,210 595 4,475 
4824 23 35 4,700 5 4,945 
18 «24 23 35 5,875 5,720 6,045 
48 «24 2 35 6,700 6,520 : 6,805 


48 x 30 38 4,845 | 4,620 5,195 4,965 
48x 30 35 5,445 | 5,190 5,555 
48X30 | : 35 6,560 | 6,250 6,660 

| 5 7,580 5: 7,705 


35 5,280 5,05: : 5,515 
35 5,995 5,33: 535 6,275 
35 7,210 7,510 
35 8,320 : 8,675 


35 5,815 Be 6,250 
35 565 7,30: 7,050 
35 92! 62 8,490 
35 9,800 


35 | 7,075 
35 6,965 3: 7,980 
35 8,410 9,630 
35 9,715 | 11,465 | 11,115 


All weights are rounded out to the nearest 5-Ib multiple. 


| 
u A | a | 36 35 | 4,055 3,935 | 4,265 
B | 21 | 36 | 35 | 4540 4.405 4,735 
| 21 36 35 | 5,500 | 5,335 | 5,745 
D | 21 36 35. | «6,285 | 6110 | 6,505 
Fs 18 X36 A | 29 46 
18 X36 B | 29 46 
18 X36 c | 29 46 
4 18x42 A | 32 49 
4842 B 32 49 
48x42 | C 32. | #49 
1842 | D 32 49 
18x48 35 52 
Be. 48x48 | B 35 52 
18 X48 | 52 
Ae 4848 | D | 35 52 
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24 to 48 in 
A” 


TABLE 6. Standard Y Branches 


Dimensions —im Weight* 


‘ 


10.50 
13.00 
13.00 
16.00 
16.00 
16.00 


18.50 
18.50 
18.50 


21.50 
21.50 
21.50 
21.50 


24.00 
24.00 
24.00 
24.00 


14X10 24.00 
1410 24.00 
14X12 24.00 
14x12 
14x14 
14x14 


16 X8 
1610 
1610 


16 K12 
16 «12 
16x14 
16x14 
16 X16 
16X16 


18 X10 
18 X10 
18 X12 
18 X12 


18 X14 
18X14 


20 K16 
20 X16 
20 
20 K18 
20 X20 | | 74 
20 %20 | 7 


* All weights are rounded out to nearest 5-Ib multiple. 


15 
? 
A 
EX 
é 
a2 
Size 
nm Class 
| | | 
i ‘ 2? Bells 3 Bells 
1x4 D 11.50 110 | 125 
6x4 Db 13.00 160 185 
6X6 13.00 175 200 
8x4 D 14.00 135 270 
D 14.00 255 285 
8x8 D 14.00 75 310 
10 X6 D 15.50 355 390 
10 x8 D 15.50 380 420 
10X10 D 15.50 | 100 445 
12 D 15.50 470 515 
15.50 500 545 
12X10 D } 15.50 525 570 
12 X12 D | | 15.50 | 555 605 
| 
14 x6 B | 16.00 525 580 
14 D | 16.00 | 615 | 679 
148 B | 16.00 | 555 610 
148 D 16.00 645 700 
16.00 590 640 
| 16.00 675 730 
16.00 620 675 
} 16.00 710 765 
} 16.00 625 O80 
16.00 750 800 
| 
B 31.00 17.50 820 890 - 
| D | 31.00 17.50 995 1,070 
B $1.00 17.50 935 
} D 31.00 17.50 1,035 1,110 = a 
B 31.00 17.50 905 980 
D 31.00 } 17.50 1,080 | 1,155 | ; 
B | 31.00 17.50 | 915 | 990 | 
} 31.00 | 17.50 | 1,130 1,205 
B | 31.00 | 17.50 965 1,040 | 
D 31.00 17.50 1,205 1,285 ’ 
B 34.00 18.00 1,065 1.150 
D> 34.00 18.00 | 1,310 1,400 
34.00 18.00 | 1,110 1,195 
D 34.00 18.00 1,355 1.445 
a B 34.00 18.00 1,120 | 1,205 
D 34.00 18.00 1415 1500 
18 X16 B 34.00 | 18.00 1,185 | 1,270 
18 X16 D 34.00 18.00 1.495 1.585 
18 X18 BK 34.00 | 18.00 | 1,225 | 1,305 
18 X18 | b | 34.00 18.00 1,565 1,655 
| 
20 «12 | B | 37.00 } 18 1,355 1.455 
20 12 D 37.00 18 1,650 1,770 
20% 14 | B 37.00 18 1,365 | 1.465 
20%14 D | 37.00 18 1,715 1.830 
18 1.430 1,530 
18 1.805 1,920 
18. 1,485 1,585 
18 1.880 1,995 
18 1.530 1,630 
18 1,935 2.055 
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l 
TABLE 7. Standard Blowoff Branches 
Size Dimensions Size Dimensions 
f p la f l p 
» 4 D 12 7 0.60 | 0.52 230 36 12 A 13 23 0.99 | 0.75 
10 4 D 12 & 0.68 | 0.52 300 36 12 B 13 23 1.15 | 0.75 
10 6 D 12 x 0.68 | 0.55 310 36 12 c 13 23 1.36 | 0.75 
12 4 D 12 10 0.75 | 0.52 370 36 12 D 13 23 1.58 | 0.75 
12 6 D 12 10 | 0.75 | 0.55 385 
42 12 A 15 26 1.10 | 0.75 
14 4 B 12 11 0.66 | 0.52 415 42 12 B 15 26 1.28 | 0.75 
14 4 D 12 11 0.82 0.52 480 42 2 Cc 15 26 1.54 | 0.75 
14 6 B 12 11 0.66 | 0.55 425 42 12 D 15 26 1.78 | 0.75 
14 6 D 12 1! 0.82 0.55 495 
42 16 A 15 26 1.10 | 0.70 
16 4 B 12 12 0.70 | 0.52 510 42 16 B 15 26 1.28 | 0.70 
16 D 12 12 0.89 | 0.52 605 42 16 % 15 26 1.54 0.89 
16 6 B 12 i2 0.70 | 0.55 525 42 16 D 15 26 1.78 | 0.89 
16 6 D 12 12 | 0.89 | 0.55 620 
48 12 A 17 30 1.26 | 0.75 
18 4 B 12 13 | 0.75 | 0.52 600 48 12 B 17 30 1.42 | 0.75 
18 4 1B) 12 13 0.96 | 0.52 730 48 12 > 17 30 1.71 0.75 
18 6 B 12 13 | 0.75 | 0.55 615 48 12 D 17 30 1.96 | 0.75 
18 6 Db 12 13 0.96 | 0.55 740 
48 16 A 17 30 1.26 | 0.70 
20 4 B 12 14 0.80 | 0.52 700 48 16 B 17 30 1.42 0.70 
20 4 D 12 14 1.03 | 0.52 870 48 16 * 17 30 1.71 | 0.89 
20 6 B 12 14 0.80 | 0.55 710 48 16 D 17 30 1.96 | 0.89 
20 6 D 12 14 1.03 | 0.55 880 
54 12 A 19 33 1.35 0.75 
4 6 B 12 16 0.89 | 0.55 920 54 12 B 19 33 1.55 0.75 
4 6 D 12 16 1.16 | 0.55 1,165 54 12 [ 19 33 1.90 | 0.75 
2 8 B 12 16 0.89 | 0.60 935 54 12 D 19 33 2.23 0.75 
D 12 16 1.16 | 0.60 1,175 ° 
54 16 A 19 33 1.35 | 0.70 
10) 8 A 13 20 | 0.88 | 0.60 1,345 54 16 B 19 33 1.55 | 0.70 
0 & B 13 20 1.03 | 0.60 1,455 || 54 16 * 19 33 1.90 | 0.89 
0 8 ® 13 20 1.20 | 0.60 1,690 || 54 16 D 19 33 2.23 | 0.89 
30 8 D 13 20 | 1.37 | 0.60} 1.950 || 
|| 60 12 \ 21 36 1.39 | 0.75 
w 12 A 13 20 O88 | 0.75 1.385 || 60 12 B 21 36 1.67 0.75 
30 12 B 13 20 1.03 | 0.75 1,490 60 12 Cc 21 36 | 2.00 | 0.75 
0 12 c 13 20 1.20 | 0.75 1,725 60 12 D 21 36 2.38 | 0.75 
30 12 Db 13 20 1.37 | 0.75 1,980 
} } 60 16 \ 21 36 1.39 | 0.70 
6 8 A 13 23 | 0.99 | 0.60 1,750 || 60 16 B 21 36 1.67 | 0.70 
36 8 B 13 23 1.15 | 6.60 2,025 60 15 e 21 36 | 2.00 | 0.89 
6 . Cc 13 23 1.36 | 0.60 2,345 600 16 Db 21 36 2.38 | 0.89 
16 8 D 13 23 1.58 | 0.60 2,695 | 
| 


5,555 
6,440 
7,795 
9,185 


* All weights are rounded out to the nearest 5 lb multiple. 


te 
ty 
| Weight* 
lb 

: | 

1,800 

2,065 
2.375 

2,720 

2,555 
2,850 

3,395 

3,895 

2,575 
2,870 
3,460 

3,940 
3,435 

| 3,840 

| 4,610 

: 5,300 
3,440 
3,850 

| 4,660 
| 5,335 

| 4,505 
5,170 

6,245 

7,295 

4.515 
5,175 

6,300 

" | 7,340 
| 5.540 
} 6,430 

| 7,740 

| 9.155 

| 


March 1953 CAST-IRON PRESSURE FITTINGS 


! 
Dimensions 


Weight® 
Class Ib Ib 


4,330 
4,790 
5,655 
6,415 


4,345 
4,795 
5,710 
6,455 


6,155 
6,975 
8,370 
9,695 


2,805 2 6,160 
3,145 6,985 
3,590 : 8,425 
4,035 2 2. 9,735 


3,535 2 7,065 
3,900 2 8,145 
4,570 re 2 9,715 
5,170 1,400 


A 32 10. 3.555 A 2 7,065 
Bb 2 2 7 3,910 B 2 2 7 7 8.145 
Cc i 2 4,640 Cc 9,770 
2 10. 5,205 2 2 O.89 |11 


te 


WN 


| 


* All weights are rounded out to the nearest 5-lb multiple. The approximate weight 
is 290 lb. Manholes are regularly furnished with blank flange, bolts, nuts, and gasket 


of the manhole cap 


n | || Size |,. 1. |Weightt 
in.| in. | lb | 


26.0) 2 2,155 
26.0 2,320 
26.0 | 
26.0 A 6,320 


29.0 675 | A |38.! 5,995 
29.0 3,025 | 38.5} 2 6,835 
29.0 3, 8 | 8,255 
29.0 35 || 9,600 


32.0 3, 6,900 
32.0 3,775 | 8,005 
32.0) 2 C 42: 9,595 
32.0 5,075 | D |42. 11,310 


* Dimension ¢ is as given in Table 8 for th. 
+ All weights are rounded out to the nearest 5-lb multiple. The weight of manhole pipe, with and without 


blowoff, includes the 300-lb weight of blank flange, steel nuts and bolts. Manholes are regularly furnished with 
20-in. blank flange, bolts, nuts, and gasket. 


17 
Ox) 
.0 
Oy, - 
ofr 
\) 20 in. 
| 
TABLE 8. Standard Blowoff Branches With Manhole : 
Size | sie | | 
30 | 8 | A | 21 | 20 | 2,240 || 48 | 12 | A | 21 | 30 
30 & B 21 20 | 26.0) 1.03 | 0.60 2,400 48 12 B 21 | 35.0)1.42 10.75 
30} 8 | C | 21 | 20 2.735 || 48 | 12 | C | 21 | 30 |35.0]1.71 |0.75 
30 | 8 | D | 21 | 20 | 26.01.37 |0.60| 3,060 || 48 | 12 | | 21 | 30 | 35.0) 1.96 0.75 
30 | 12 | A | 21 | 20 | 26.0/0.88|0.75| 2,285 || 48 | 16 | | 21 | 30 |35.0/ 1.26] 0.70 
30 | 12 | B | 21 | 20 | 26.0]1.03|0.75| 2.435 |] 48 | 16 | B | 21 | 30 |35.0/1.42 10.70 
30 | 12 | C | 21 | 20 | 26.0]1.20|0.75| 2,770 || 48 | 16 | C | 21 | 30 | 35.0/1.71 |0.89 
30 | 12 | D | 21 | 20 | 26.0)1.37|0.75| 3,090 || 48 | 16 | D | 21 | 30 |35.0] 1.96 }0.89 
36 A 21 23 29.0} 0.99 | 0.60 2,760 54 12 A 28 33 38.5 11.35 10.75 
36 B 21 23 | 29.0)1.15 |0.60| 3,110 54 12 B 28 33 | 38.511.55 | 0.75 
36 s 21 23 29.0) 1.36 |0.60 3,555 54 12 Cc 28 33 38.5 11.90 0.75 | 
36 8 21 23 29.0) 1.58 | 0.60 4,005 54 12 28 33 138.5 | 2.23 | 0.75 
36 | 12 | A | 21 | 23 |29.0]0.99 
36 12 B 21 23 | 29.0}1.15 | 0.75 
36} 12} | 21 | 23 | 29.0) 1.36]0.75 
36 | 12 | D | 21 | 23 | 29.0) 1.58 
12} A | 2 | 26 0} 1.10 | 0.75 
12 B 21 26 32.0) 1.28 75 
122} Cc | 21 | 26 | $2.9] 1-54 |o.7s 
12. | D | 21 | 26 | 32.0/ 1.78 | 0.75 
| 
16 
16 i 
16 
16 
| 
TABLE 9. Standard Manhole Pipe* ' 
Size |. | 4 
—|—-| 
30 | A 
39 | B 20 in 
30 | C 
30 | D 
36 A 
36 B 
36 
36 | 
42] A 
- 42/1 B | 
42/1 Cc | 
42 | D | ~ 


bh 


18 
18 


* Reducer type illustrated on p 


23) by “’S. 
t For all sizes S = 8 in. 


Class 


| 
B | 


| 


Reducer (R). 


Dimensionst 


Reducer 

Type* 

R 18 
R 18 
R 18 
R 18 
R 18 
R | 18 
R 18 
18 
R 18 
R 18 


R 20 
R 20 
R 20 
R 
R 20 
R 20 
R | 2 
k | 20 
R 20 
R 20 
R 20 
R 20 
R 20 
R 20 
R 20 
R 20 
R 
20 
2 | 20 
| 20 
4 20 
R | 20 
R 20 


| 
| 


0.55 
0.60 
0.60 


| 0.68 
| 0.68 


0.68 


= 


0.66 
0.82 
0.66 
0.82 


0.66 
0.82 
0.66 
0.82 


0.70 
0.89 
0.70 
0.89 


0.70 
0.89 
0.70 
0.89 
0.70 
0.89 


0.75 
0.96 
0.75 
0.96 


0.75 
0.96 


m 


0.60 
0.60 


0.68 
0.68 
0.75 
0.75 


| 

| 

0.55 

| 0.55 

| 0.60 

| 0.60 
6.68 
0.68 
0.75 
0.75 
0.66 
0.82 


0.60 
0.60 
0.68 
0.68 


¢ All weights are rounded out to the nearest 5-lb. multiple. 


| 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Size Range: 6 KX 4 to GO K 54 in. 


TABLE 10. Standard Reducers 


Jour. AWW 


Weight{—lh 


Large 
2 Bells | End Bell 


Small 
End Bell 


100 
120 


— 
uw 


w 


~ 


> 


18 indicated by “R"”; long reducer shown on p. 20 by “L"; short reducer 


Spigot 
Ends 


100 
120 
130 
145 
170 


15 
17 
2 


18 AWWA SPECIFICATIONS 
: — — = 
6 | 4 | | Op | 105 | | 
dD | 0.22 135 | 
8 | 6 D | offs 155) 
| 10 | 4 D | 0.82 170 | 145 
6 D | 0.55. | 190} 170 
| D | (0.60 | | 210-205 
4 | D | 0.52 | 225, 175 5 
6 | D | 0.55 | 250 | 225 | 200 5 
1 | D | 0.60 | 280 | 245 230 ) 
1 0 | D | | 0.68 | 315 | 275 270 230 
} | 
14 | 6 | B | R | 20 | 0.55 270 | ~—-250 220 195 
0.55 305 | 250 225 
14 8 B 305 | 270 250 220 
14 D | 340 | 305 285 250 
| 
14 | 10 B 345) 305 200 | 250 
14 | 10 D | 380) 340 325 285 
14 | 12 B 385 | 335 | 330 280 
14 | 12 DD | | 420 370365 320 
: 16 | 6 B | 320 295 245 220 
16 6 D 305 | 340 290 265 
16 B 355 | 320\ 280 250 
16 | D 400| 370, 290 
| 
1 | 10 | B 3995 320] 280 
16 | 10 D 440 400 | 5 325 
3 16 | 12 B 435 | 385 | 310 
= 16 | 12 D 485 | 435 | 360 
16 | 14 B 445) 390 | 320 
16 | 14 D 535 | 480 | 405 
| | 
18 | B 400 365 | | 280 
is | 8 460 430 335 
ig | 10 B 440 395 | 355 310 
18 | 10 370 
12 0.75 480 395 | 345 
12 | 0.75 545 | 495 | 450 405 
(p 


10. Standard Reducers (continued) 


CAST-IRON PRESSURE FITTINGS 


Size | Dimensionst—im | Weight{—/6 
| | t | ts Betts | Large, | Small | Spigot 
| f | 2 Bells | Bell | End ‘Bell | Ends 
18 | 14 R 20 | 0.75 | 0.66 490 | 435 | 405 | 350 
18 14 D R 20 | 0.96 | 0.82 | 595 | 540 505 | 450 
18 | 16 B R | 20 | 0.75 | 0.70 | 540} 470 455 | 385 
18 16 | D R 20 | 0.96 | 0.89 | 660 585 570 | 495 
} 
20 10 B R 26 | 0.80 | 0.68 | 545 sos | 445) 405 
20 10 D R 26 | 1.03 | 0.68 | 640} 600 | §25 | 485 
20 12 B R 26 | 0.80 | 0.75 | S95} S45 | 495 | 450 
20 12 D R 26 | 1.03 | 0.75 | 690 | 645 | 575 | 525 
20 | 14 | B R | 26 | 0.80 | 0.66 605 | 550 | sos | 455 
20 | 14 D R | 26 | 1.03 | 0.82 | 750) 695 635 | 580 
20 16 B | R | 26 0.80 | 0.70 | pd 590 565 | 490 
20 | 16 | D | R | 26 | 1.03 | 0.89 | g25| 750) 710] 630 
20 is | B | R 26 | 0.80 | 0.75 715 | 630) 615 | 530 
20 is | D R 26 | 103 | 0.96 | 895} 805) 780} 690 
24 | 14 | B | R 26 | 0.89 | 0.66 720 | 665 | 595 | 545 
24 4 R | 26 | 1.16 | 0.82 | 910 | 855 | 755| 700 
24 16 | B R | 26 | 0.89 | 0.70 780 | 705 | 655 | 580 
24 16 | p | R | 2% | 1.16 | 0.89 985} 910 | | 755 
24 is | B | R | 26 | 0.89 | 0.75 | 830 745 710 | = 625 
24 18 D | R | 26 | 1.16 | 0.96 | 1,060 | 965 | 905 815 
24 | 20 | B | |. 26 | 089 | 0.80 | 795| 770) 670 
24 20 Dp | R | 26 | 1.16 | 1.03 | 1 | 1,030 | 990 875 
30 | 18 A | R 26 | 0.88 | 0.75 | 985 | 900 | = 790 710 
30 | «18 | R | 26 | 1.03 | 0.75 | 1,045] 960} 865) 780 
30 | 18 | | R 26 | 1.20 | 0.96 | 1,250 | 1,160 | 1,045 | 950 
| | 1.37 | 0.96 | 1,385 | 1,290 | 4130] 1,040 
30 20 A | S | 26 | 0.88 | 0.80 | 1,045 945 | 855 : 
30 20 B | S| 26 | 1.03 | 0.80 | 1,105 1,010 | 930 ) 
30 «20 Cc Ss | 2%6 1.20 | 1.03 | 1,340} 1,225 | 1,130 1,015 
D | S 26 | 1.37 | 1.03 | 1,475 | mek 1,220 | 1,105 
30 | 20 A | L |. 66 | 0.88 | 0.80 | 1,755 | 4) 
30 | 20 | B | L | 66 | 1.03 | 0.80 | 1,885} 1,790] 1,710) 1, 
0 | 2 | C L 66 | 1.20 | 1.03 | 2,295 | 2,180 | 2,085 | 1,970 
30 | 66 | 1.37 | 1.03 | 2,510 | 2,395 | 2,255 | 2,140 
30 | a | 26 | 0.88 | 0.89 | 1.170 | 1,045 | 975 | 855 
30 | 244 6) «2B S 26 | 1.03 | 0.89 | 1.230 | 1,110 | 1,055 930 
30 “m i € | S 26 | 1.20 1.16 1,510 1,360 | 1,300 | 1,150 
30 | 24 | D S 26 | 1.37 | 1.16 | 1,643 | 1,495 | 1,390 1,240 
30 24 A L 66 | 0.88 | 0.89 | 1,975 eel 1,785 | 1,660 
30 24 B L 66 | 103 | 0.89 | 2,110} 1,985 | 1,935 | 1,810 
30 2406) C 3 66 | 1.20 | 1.16 | 2,595 | 2,445 | 2,390 | 2,235 
30 24 | D L 66 | 1.37 | 1.16 | 2,820 | 2,665} 2,565 | 2,410 


(p. 23) by “S. 


¢ For all sizes S = 8 in. 
t All weights are rounded out to the neares 


* Reducer type illustrated on p. 18 indicated by “ 


t 5-Ib multiple. 


R"; long reducer shown on p. 20 


*; short reducer 


19 
March 1953 

) 
) 
) 
) 
0) 
0 
0 | 
0 
5 
0 
) | 
10 
| 
20 
95 
0 
35 

0 

0 

5 


SPECIFICATIONS Jour. AWWA 


Long Reducer (L). Size Range: 30 XK 20 to 60 % 54 in. 


TABLE 10. Standard Reducers (continued) 


Dimensionst —in Weight{—lb 


Reduce |—— 
ype* | 


Large | Small Spigot 
End Bell | End Bell] Ends 


0.99 0.80 
1.15 0.80 
1.36 1.03 
1.58 1.03 


0.99 0.80 
1.15 0.80 
1.36 1.03 
1.58 1.03 


0.99 0.89 
0.89 
1.36 1.16 
1.58 1.16 


0.99 | 0.89 | 2,335 
1.15 | 0.89 | 2,560 


1.36 1.16 3,135 
1.58 1.16 3,440 : 3,080 


0.99 0.88 1,690 - 1,450 
1.03 : a 1,645 
1.20 ,265 1,945 


0.89 
1.03 
1.20 
1.37 


2,330 


0.80 
0.80 
1.03 
1.03 


66 A 0.80 
66 0.80 
66 1.03 
D 66 ; 1.03 


* Reducer , type illustrated on p. 18 indicated by “R"; long reducer shown on p, 20 by “ L"; short reducer 
(p. 23) by “S 

! For all ‘sizes, S =8 in. 

$ All weights are rounded out to the nearest 5-lb multiple. 


20 AWW A 
| U 
| 223 
4 | 
| 
te 
m 
36 20 A | Ss | 32 | 1,380 1,280} 1,1: 1,040 
: 36 20 B S | 32 1,530 1,430] 1,2 1,145 
36 20 S 32 1,840; 1,725} 1,5 1,405 
36 20 D S 32 2,035 | 1,920 | 1,67 1,555 
36 20 | A L 66 2,105 | 2,005 | 1,860 | 1,765 
36 20 B L 66 2,325 | 2,230} 2,045 | 1,945 
36 20 L 66 2,820 | 2,705 | 2,500 | 2.385 
36 20 D L | 66 3,120 | 3,005} 2,755 | 2,640 
x 36 24 A S 32 1,520} 1,400] 1,280} 1,155 
36 24 B S 32 1,675 | 1,550} 1,390) 1,265 
36 24 Cc S 32 2,040 | 1,885 | 1,715 | 1,565 
36 D 32 2,235 | 2,085 | 1,875 | 1,720 
- 36 | 24 A L 66 2,210 | 2,090 | 1,965 
| 36 | 24 B | L 66 2,435 | 2,275] 2,155 
36 «24 Cc L 66 2,605 
5; 36 24 D L 66 | 2,930 
4 36 30 A S 32 
2 36 30 B S 32 | 1,470 
36 | 30 S 32 | 1,735 
| 30 D S 32 2,010 
: 36 30 A L 66 | 0.99 2,575 | 2,380 | HM} 2,140 
3 36 30 B L 66 1.15 2,960 | 2,78 2,680 | 2,500 
36 30 c 66 | 1.36 3,485 | 3,278 | 3,165 | 2,955 
: 36 30 D L 66 1.58 4,040 | 3,79) 3,680 3,425 
= 42 20 A S 32 | 1.10 1,675 | 1,575 | 1,335 | 1,235 
ae 42 20 B S 32 1.28 1,825 1,725 | 1,470 |: 1,375 
. 42 20 C S 32 | 1.54 | 2,235 | 2,120! 1,815 |} 1,700 
42 20 D S 32 | 1.78 | 2,485 | 2,370] 2,005 | 1,890 
42 20 2,530 | 2,430} 2,190} 2,095 
42 20 2,775 | 2,675 | 2,420) 2,325 
42 20 3,415 | 3,300] 2,990] 2,875 
42 20 3,785 | 3,670 | 3,305 | 3,190 


(p. 


March 1953 


| 


Dimensionst 


CAST-IRON PRESSURE FITTINGS 


| 
in | Class |— — 

e 

42 | 24 | A s | 32 | 1.10 | 0.89 
42 | 24 B Ss 32 | 1.28 | 0.89 
42 | 24 C Ss | 32 | 1.54 | 1.16 
42 | 24 D | S 32 | 1.78 | 1.16 
42 | 24 | A L | 66 | 1.10 | 0.89 
42 | 24 B L 66 | 1.28 | 0.89 
42 | 24 C L. 66 | 1.54 | 1.16 
42 | 24 D a | 66 1.78 1.16 
42 30 A | Ss 32 | 1.10 | 0.88 
42 | 30 B Ss | 32 | 1.28 | 1.03 
42 | 30 Cc Ss 32 | 1.54 | 1.20 
42 | 30 D S | 32 | 1.78 | 1.37 

| 
42 | 30 A I | 66 1.10 | 0.88 
42 | 30 B I 66 | 1.28 | 1.03 
42 | 30 Cc L | 66 | 1.54 | 1.20 
42 | 30 | 66 1.78 | 1.37 
42 | 36 A s | 32 | 1.10 | 0.99 
42 | 36 B S 32 | 1.28 | 1.15 
42 | 36 | C S 32 | 1.54 | 1.36 
42 | 36 ei 4 2 | 1.78 | 1.58 
| 

42 36 \ | I | 66 | 1.10 | 0.99 
42 | 36 B | L | 66 | 1.28 | 1.15 
42 | 36 c | if 66 | 1.54 | 1.36 
42 36 D l 66 | 1.78 1.58 


48 | a 1 if 
48 | 30 St & 132 | 1.42 | 1.03 
48 | 30 e Leek 132 | 1.71 | 1.20 
48 | 30 D L 132 | 1.96 | 1.37 
48 36 A S 66 1.26 | 0.99 
48 36 B | S 66 | 1.42 | 1.15 
48 | 36 | C S 66 | 1.71 | 1.36 
48 36 D Ss 66 | 1.96 | 1.58 
48 36 A |B 132 | 1.26 0.99 
48 36 B L 132-| 1.42 | 1.15 
48 | 36 Cc L 132 | 1.71 | 1.36 
48 | 36 D I 132 ah, 1.96 | 1.58 


* Rex lucer, type illustrated on p. 18 indic ated by ““R"; 
23) by 
t For all sizes, S = 8 in. 


t All weights are rounded out to the nearest 5-Ib multiple. 


TABLE 10. Standard aanmennndh (continued) 


| 
| 2 Bells 


1,820 


3,095 | 


3,925 | 


ta 
= 


3,930 
4,495 
5,385 
6,245 


6,560 
7,510 
9,005 
10,445 


Weight!-6 
Large Small | 
End Bell | End Bell | 
1.695 | 1,480 | 
1,850 | 1,620 
2200 2,015 
2540 | 2,210 
1645 | 2,430 | 
2895 | 2,665 
3500 | 3,320 
3975 | 3,645 
1,800 | 1,650 
2,060 | 1,885 
2.465 | 2,250 
2,840 2,615 


3,155 
3.640 
4,370 
5,080 


6,500 
7,785 
8.975 


3.685 
4,215 
5,065 


5,880 | 


long reducer shown on p. 20 


2,675 
| 3,080 
3,680 
4,270 


1,900 | 


2,285 


2,635 


3,060 


3,060 
3,570 


70 
8,460 
| 


shor 


1,655 
1,930 
2,315 
2,700 


2,820 
3,285 
3,945 
4,600 


2,935 


8,140 
9,440 


t reducer 


21 
Ends 
| 1,355 
1,975 1,495 
2,440 1,865 
| 2,690 2,060 
| 2,770 2,305 
| 3,020 2,540 
| 3,745 3,170 
| 4,125 3,495 
| 1,996 1,460 
| 2,235 1,705 
| 2,670 2,040 
| | 2,360 
4 
| 3,015 | 2,820 | 2,480 
| 3.435 | 3,255 2.905 
| 4,105 | 3,895 | 3,475 
| 4,750 | 4,495 4,015 
| | 
| 2240} 1999) 
| 2570| 2.23. 
3,060 | 2,740 
3,540 | 3,180 | | 
| 
| 
) | 4,270 | 3 
| 4,960 | 
48 | 30 A | S | 66 | 1.26 | 0.88 3,525 | 3,335 | 3,125 | r | 
48 30 B S 66 | 1.42 | 1.03 3,990 | 3,815 | 3,540) 3,360 
48 30 c | S | 66 | 1.71 | 1.20 | 4,780] 4,570) 4,235 | 4,025 
48 | 30 D | § | 66 | 1.96 | 1.37 5,530 | 5,275 | 4,890 | 4,635 
| 5,870 | 5,675 | 5,470 | 5,275 
| 6,675 | 6,225 | 6,050 
| 7,995 | 7,450 | 7,240 
| 9,230 | 8,590 | 8,335 
| 3,530 | 3,285 : 
| 4,045 | 3,760 
| 4,840 | 4,520 
| 5,605 | 5,240 
| 
| 6,315 | 6,155 | 5,915 
| 7,225 | 6,770 
8,685 
| 10,080 
T 


54 
54 
54 


54 


AWWA SPECIFICATIONS 


TABLE 10. Standard Reducers (continued) 


Weight}—lb 


‘ ‘ 


‘ ‘ 


Small 
End Bell 


4,010 
4,560 
3,085 
6,375 


6,950 
7,935 
9,605 


11,110 | 10,630 


3,925 
4,545 
5,500 
6,450 


6,865 
7,950 
9,640 


11,320 | 10,955 


12,675 


4,985 
5,690 
6,950 
8,115 


8,665 
9,895 


12,095 | 11.550 
14.120 | 13.480 


60 
60 
60 
60 


60 
60 
60 
60 


60 
60 


ANNAN 


4,750 
5,610 


* Reducer type illustrated on p. 18 indicated by “R"; 

t For all sizes, S = 8 in. 
t All weights are rounded out to the nearest 5-lb multiple. 


; long reducer shown on p. 20 by “L” 


Jour. AW 


; short reducer 


% 
nm. 
Type* | = arge Spigot 
e | f ts | 2 Bells | end Bell 
48 | 42 A | Ss 66 | 1.26 | 1.10 | 4,410} 4,070 3,670 
3 48 42 B Ss 66 | 1.42 | 1.28 | 5,010] 4,655 4,205 
48 42 C S 66 | 1.71 | 1.54 | 6,065 | 5,640 5,095 
48 42 D S 66 | 1.96 | 1.78 | 7,015 | 6,535 5,895 
; 48 42 A L 132 | 1.26 | 1.40 | 7,350] 7,010 6,610 
. 48 42 B L 132 | 1.42 | 1.28 | 83851! 8,030 7,580 
48 42 c L 132 | 1.71 | 1.54 | 10,150] 9,730 | 9,185 
48 42 D L 132 | 1.96 | 1.78 | 11,750 | 11,270 
54 36 A S 66 | 1.35 | 0.99 | 4,435 | 4,190 3,680 
54 36 B S 66 | 1.55 | 1.45 | 5,145 | 4,860 4,260 
54 36 & S 66 1.90 1.36 6,205 5,885 5,180 
54 36 D S 66 | 2.23 | 1.58 | 7,270] 6,910 6,085 
54 | 36 A I 132 | 1.35 | 0.99 | 7,375 | 7,130 6,620 
54 36 B I 132 | 1.55 | 1.15 | 8550] 8,265 7,665 
54 36 c I 132 | 1.90 | 1.36 | 10,345 | 10,025 | 9.320 
| 36 | D | 132 | 2.23 | 1.58 | 12,140 | 11,775 
. 54 42 A S 66 | 1.35 | 1.10 | 4,925] 4,585] 4,415 | 4,075 
54 42 B S 66 | 1.55 | 1.28 | 5,675} 5,315} 5,075 | 4,720 
; 54 42 C S 66 | 1.90 | 1.54 | 6,900} 6,480] 6,200| 5,775 
54 42 D S 66 | 2.23 | 1.78 | 8,070] 7,590] 7,250] 6,770 
54 42 A L 132 | 1.35 | 1.10 | 8190] 7,850] 7,675 | 7,335 
54 42 B L 132 | 1.55 | 1.28 | 9,455} 9,100] 8855] 8.500 
54 42 C L. 132 | 1.90 | 1.54 | 11,535 | 11,110 | 10,830 | 10,405 
54 | 42 D L 132 | 2.23 | 1.78 | 13,500 | 13,015 | HM | 12,195 
3 
= 54 48 A 66 | 1.35 | 1.26 | 5,500] 5,100 1,585 
54 48 B 66 | 1.55 | 1.42 | 6,290] 5,835 5,240 
54 48 Cc 66 190.1 4:91 | 7,655 | 7,110 6,405 
i 54 48 D 66 | 2.23 | 1.96 | 8,935] 8,300 | 7,475 
! 
: 48 A I 132 | 1.35 | 1.26 | 9,180 | 8,780 8,265 
48 B I 132 | 1.55 | 1.42 | 10,495 | 10,040 0 
48 e I 132 | 1.90 | 1.71 | 12,800 | 12,255 
= 48 D I 132 | 2.23 | 1.96 | 14,940 | 14,300 
36 A 66 | 1.39 | 0.99 | 4,885} 4,640] 4,255! 4,010 
j 36 B 66 1.67 1.15 5,740 5,455 5,065 4,780 
zi 36 a 66 2.00 1.36 6,885 6,565 6,060 5,735 
36 D 66 | 2.38 | 1.58 | 8135] 7,770] 7,160! 6,800 
36 A L 132 | 1.39 | 0.99 | 8,085 | 7,840] 7,455 | 7,210 
36 B L 132 | 1.67 | 1.15 | 9,555 | 9,270] 8,880] 8,595 
36 Cc L 132 | 2.00 | 1.36 | 11,460 | 11,140 | 10,635 | 10,315 
36 D L 132 | 2.38 | 1.58 | 13,560 | 13,200 | 12,590 | 12,225 
| 42 A Ss 66 | 1.39 | 1.10 | 5,380] 5,040 P| 4,410 
i 42 B S 66 | 1.67 | 1.28 | 6,280] 5,925 5,255 
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Short Reducer (S). Size Range 
30 XK 20 to O60 &K S4 in. 


10. Standard Reducers (continued 


Dimensionst —in. | Weight{—lb 


Large 
2 Bells | Bell 


7,600 
8,955 | 


8,915 
10,485 | 
12,680 | 
14,960 | 14,480 


5,965 5,565 
6,400 


16,440 | 15,800 


6,515 6,005 
7,615 | 7,020 
9,265 8,560 
10,970 | 10,150 


A 3: 10,825 | 10,315 
60 B 5! 12,710 

60 Cc 
60 D | 


* Reducer type illustrated on p. 18 indicated by “R"; long reducer shown on p. / 
(p. 23) by “S.” 

t For all sizes, S = 8 in. 

3 All weights are rounded out to the nearest 5-lb multiple. 


Small 


End Bell 


6,770 
7,980 


8,285 
9.815 


10,880 | 
13,150 | 
15,470 | 


5,885 | 
6,945 | 
8,435 | 
10,000 | 


10,195 
12,035 


14,645 | 


17,375 


| 


Spigot 


6,350 
7,500 


7,945 
94600 
11,435 
13,510 


4,935 
5,785 
6,995 
8.230 


8,895 
10,430 
12,605 
14,830 


5,370 
6,345 
7,730 
9 180 


9 O85 
11,440 
13,940 
16,550 


“L"; short reducer 


23 
TABLE 
; 
| | 
60 | 42 | s | 66 | 200 | 1.54 7,175 
60 42 D | S | 66 | 2.38 | 1.78 8,475 | : 
60 42 Ais | 132 | 1.39 | 1.10 | | o§ 
60 | 42 B | L_ | 132 | 1.67 | 1.28 
60 42 eS i. | 132 | 2.00 | 1.54 | | 11,855 : 
60 42 D LE | 832 2.38 1.78 13,990 | . 
| 
60 | 48 A Ss | 66 | 1.39 | 1.26 po 5,335 
60 48 B S | 66 | 1.67 | 1.42 6,240 
60 | 48 ¢ Ss | 66 | 2.00 | 1.71 8,365 7,820 7,540 | 
60 48 D S | 66 | 2.38 | 1.96 | 9,840 | 9,200 | 8,865 | 
60 | 48 A L | 1432 | 1.39 | 1.26 | 9,925 | 9,525 | 9305) 
60 48 B L | 132 | 1.67 | 1.42 | 11,555 | 11,100 | 
60 48 Cc L | 132 | 2.00 | 1.71 | 13,975 | 13,430 | 
60 48 D L | 132 | 2.38 | 16 a 2 
60 54 A S| 66 | 1.39 | 1.35 
60 54 B Ss | 66 | 1.67 | 1.55 | i 
60 54 Cc Ss | 66 | 2.00 | 1.90 | . 
60 54 D Ss 66 | 2.38 | 2.23 | © 
| 
ry 


Dimensions 
in 


SPECIFICATIONS 


For Dimensions D and H, see Table 1. 


B 

10 0.65 
15 0.65 
10 0.70 
15 0.70 
12 0.75 
15 0.75 


* All weights are rounded out to the nearest 5-Ib multiple 


Dimensions 


15 0.90 
18 0.90 
15 0.90 
24 0.90 
15 1.00 
a4 1.00 
15 0.95 
24 0.95 
15 1.05 
44 1. 


1. 
24 
24 1.3 
24 1. 
iS 


Jour. AWWA 


| 
|| 
: 
TABLE 11. Standard Sleeves 
Size | Weight* || Size | Chass Weight* 
in. in. lb 
A A B t 
4 D 5.80 45 36 B 39.40 15 1.40 920 
4 D 5.80 65 36 te 39.80 15 1.60 1,055 
6 D 7.90 65 36 D 40.20 15 1.80 1,195 
: 6 D 7.90 90 
( 36 A 39.00 24 1,25 1,175 
8 D 10.10 100 36 B 39.40 24 1.40 1,340 
~ D 10.10 120 36 ( 39.80 24 1.60 1,540 
10 D 12.20 12 0.80 130 36 D 40.20 24 1,80 1,750 
12 D 14.30 14 0.85 185 2 45.30 ,050 
12 D 14.30 18 0.85 225 re B $5.08 as 1.38 1.308 
14 B 16.20 15 0.85 215 42 D 46.70 15 1.95 1,530 } 
14 B 16.20 18 0.85 255 . 
14 D 16.50 235 4 45.30 s 530 
14 D 16.50 275 42 B 45.60 24 1.50 1,660 
42 c 46.20 24 1.75 1,960 
16 B 18.50 270 42 D 46.70 24 1.95 2,230 
16 B 18.50 400 
16 D 18.90 300 48 A 51.60 15 1.50 1,280 
16 D 18.90 445 48 B 51.90 15 1.65 1,435 
48 52.50 15 1.95 1,710 
: 18 B 20.60 320 48 D 53.10 15 2.20 1,950 
: 18 8 20.60 470 
: 18 D 21.00 360 18 A 51.60 24 1.50 1,865 
‘ 18 D 21.00 530 48 B 51.90 24 1.65 2,080 
18 Cc 52.50 24 1.95 2,490 
20 B 22.70 15 1.00 370 48 D 53.10 24 2.20 2.845 
20 B 22.70 24 1.00 540 
Z 20 Db 23.10 15 1.15 435 S4 d 7.70 q 1.60 1,580 
20 D 23.10 24 1.15 640 s B $8.20 1s 1 1.800 
( 8.90 1 one 2,115 
2 24 RB 26.90 15 1.05 470 54 D 59.50 15 2.45 2,410 
24 B 26.90 24 1.05 | 685 | | 
i 27 5 25 575 54 7.70 2 1. 2,280 
24 D | 24 | 1:25 || 54 | 58.20 | 24 1.80 | 2,595 
58.90 24 2.15 3,080 
30 A 32.80 15 1.15 625 || 54 D 59.50 24 2.45 3.525 
: 30 33.10 15 1.15 630 |} 
30 33.50 1s 1.32 735 60 A 63.90 15 1.70 1,850 
30 D 33.80 15 1.50 860 || 60 B 64.50 15 1.90 2,075 
60 65.30 15 2.25 2,455 
30 A 32.80 5 910 | 60 D 65.90 1S 2.60 2,850 
: : 0 B 33.10 5 920 | 
30 C 33.50 ) 1,075 || 6O | A 63.90 24 1.70 2.670 
| 30 D 33.80 0 1.250 || 60 B 64.50 24 1.90 3,000 
| 60 | c 65.30 24 2.25 3,570 
{ A 39.00 5 810 | 60 65.90 24 2.60 4,150 
| 
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Section S-S 


4 to 10 in 


W.I. Pipe Section N-N 
20 to 36 in 42 to 60 in. 


12 and 14 in. 16 and 18 in 


Bosses A and B cast on only when so ordered 


TABLE 12. Standard Caps 


Dimensions* —in } Approx. Weight—ib 
| Lugs With Lugs 


99.00 2,900 
99.00 4,105 
49 00 | 3,395 
99.00 3,680 


* Dimension hequalsd +t 


25 
N h 
a 
A, 
rs \ 2: 
/ 
| ° 
m 
| = | 
\ ¢ 
N 
/ 
A / 
(O) 
a Tap for 2 
ap for n 
| 
in. Class 4 
4 | D | 400 5.70 | 0.60 25 | 
6 D 400 | | 0.65 | | 40 | 
10 D 100 | 12.10 O75 150 | 0.75 | 16.20 | 85 
12 D 400 14.200 | 075 | 8.75 | 0.75 18.70 | 110 140 
| 
i4 B | 400 16.10 = | 0900 | 1.90 0.75 22.40 | 135 165 : 
| 400 16.45 0.90 O75 22.40 150 180 
16 | B | 400 18.40 100 «200 | 0.75 27.00 185 256 
16 400 18 80 1.00 200 O75 27.00 200 245 
18 400 | 2050 1.00 } 2.00 1.00 32.00 240 280 
1s D 100 20.92 | | 6100 200 1.00 32.90 | 25a) 300 
20 400 22.00 | 100 $.00 | 1.00 18.20 280 330 
20 | D | 4.00 23.06 1.00 3000 18.20 310 360 
24 | 400 2680 250 105 j $50 | 1oo 23.50 490 440 
4 4.00 27.32 250 105 $50 Loo 23.50 | 440 490 
| A | 450 $2.74 62 1.15 | 115) 4800 590 665 
$50 $3.00 62 1.15 3.50 1.15 | 34.80 | 670 
450 43.40 | 62 115 1.15 480 645 725 
| | 150 33.74 62 115 6.50 1.15 | 44.50 700 7385 
$50 | 38.96 312 | 125 | 400 1.25 44.00 845 925 : 
6 | 150 | $12 | 1.30 $.95 125 | 44.00 915 995 
| 39.70 «| $12 1.35 1.25 44.00 1,000 1,085 
40.16 3.12 1.40 | 385 1.25 14.00 1,085 1,170 
| | 
42 500 415.20 $.37 140 1.40 63.50 1,275 1,395 
42 Ik 500 | 4550 1) +0 1.40 | 615.50 1,395 1,520 
2 CG 500 $.37 1.60 40 63.50 1,545 1,875 
42 5.00 | 16.58 1.70 4.70 1.40 63.50 1,685 1,820 
} | 
48 A 5.00 |} 51.50 3.62 | 1.70 | 4.00 | 1.50 | 76.50 1,790 1,915 , 
48 | 500 51.80 1.90 | $80) 76.50 1,945 2,075 
48 Cc 5.00 52.40 $.62 | 200 | 4.70 | 76.50 2,140 2,275 / 
i8 D | 500 | 52.98 362 | 210 | 3.60 150 76.50 2,335 2,475 
Mi A | 550 | 5766 | 3897 | Io 4.50 150 | 8200 | 2.375 2,515 
4 | OB 5.50 | 5810 $87 | 200 | 440 1.50 S200 | 2,555 2,700 
4 | C 50 58.80 S87 2.10 10 1 82.00) 2,800 2,950 
D | 5940 3.87 220 | 4.20 1.50 $2.00 3,045 3,195 
| | 
6 | A 5.50 6380 | 412 | 200 4.50 1.50 3,045 
60 B | 550 6440 | 412 | 210 +40 150 3.250 
60 5 50 65.20 |} 4.12 | 2.20 4.30 150 3,545 
60 D | 5.50 65.82 240 4.20 1.50 3,835 
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Tap for 3-in. W.!. Pipe 


Section X-X 


Tap for 2-in. W.l. Pipe 
24 to 60 in 


16 to 20 in 


Bosses A and B cast on only when so ordered 


TABLE 13. Standard Plugs 


Dimensions—in 


Ss 


von 


46 
38.80 
39.20 
39.66 


45.70 
50 62 


63.30 
63.90 
6470 
64.94 65.32 


| 
26 
| 
a 
\ 
4to 14 in 
i \\ 
| 
| 
7 
| 
| ta | 
wo 
N 
| , | 
‘ J) | 
\ 
Number | Approx 
tee - of Weight 
j | b 
| e f d m to ta Rib 
4 D 4.90 | 5.28 0.50 | 040 | 0.20 | 
6 D 7.00 | 7.38 ‘ 5.50 0.60 6.40 0.20 14 
8 D 9.15 | 9.65 re: 5.50 2.00 0.60 0.40 0.20 2 | 25 
i 10 ID 11.20 | 11.70 ‘ 6.00 200 | O70 0.50 0.20 2 | 40 
: 12 D 13.30 | 13.80 6.00 2.00 0.75 | 0.50 0.20 2 50 
14 B 15.30 15.80 we 6.00 2.00 0.70 0.50 0.20 | r+ 
14 15.65 16.15 6.00 2.00 0.75 0.50 0.20 
16 B 17 40 17 90 | 6 5 | 2.00 0.70 0.50 0.30 | 90 
: 16 D 17.80 | 18.30 | 6.50 | 2.00 O80 060 | 030 | 95 
18 B 19.50 | 20.00 | 6.50 | 2.50 075 | 0.60 | 0.30 | 3 
29 $ 21.60 22 if 2.75 5 | q | : | 
20 D 22.06 | 22.56 | 6.50 2.75 100 | 0.60 0.30 | 3 | 
24 B 25.92 | 26.30 | 25.68 8.00 | 0.89 | cone | 4 
24 D 26.44 | 26.82 | 26.20 | 8.00 | 2... | 116 | | 4 ' 
30 A 31.86 | 32.24 | 31.62 8.00 0.88 < 4 
: 30 32.12 32.50 S00 1.03 4 
30 32.52 32.90 32.28 8.00 120) | 4 
; 30 D 32.86 | 33.24 | 32.62 8.00 ay | : 4 
36 A 38.08 37.84 8.00 0.99 | 4 680 
36 B 38.42 38.18 | 8.00 115 | ees 4 785 
36 38.82 38.58 8.00 1.36 | 4 915 
36 D 39.28 39.04 8.00 | 1.58 ee } 4 1,050 
| | | } 
42 A 44.32 | 4470 | 44.08 9.00 - | 220 | er 4 990 
42 B 44.62 | 45.00 | 44.38 | 9.00 én 1.28 : 4 1,140 
42 Cc 59> | 4560 | 44.98 9.00 | 1.54 as 4 1,355 
42 D | 46.08 | 4546 | 9.00 4 1,550 
48 A 51.00 | 50.38 | 9.00 : 1.26 ae 4 1,340 
48 B 50.92 51.30 50.68 9.00 1.42 4 1,505 
48 c 51.52 | 51.90 | 51.28 9.00 re 1.71 ri 4 | 1,800 
48 D 42.10 | 52.48 | 51.86 9.00 ; 1.96 ; pee 4 2,045 
54 A 56.78 | 57.16 | 56.54 9.00 ; 1.35 ere 4 1,695 
ary B 57.22 57.00 56.98 9.00 1.55 4 1,945 
54 57.92 58.30 57.68 1.00 4 } 2,355 
54 D 58.52 | 58.90 | 58.28 | 9.00 : 2.23 ; | eyes | 4 2:735 
60 A 62.68 | 9.00 1.39 wae 4 2,045 
60 B | 63.28 900 1.67 4 2.435 
60 Cc 64.08 900 2.00 | 4 2,905 
60 D 64.70 9.00 2.38 4 3.395 
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American Standard Specifications for 


A21.11-1953 
(AWWA C111-53) 


A Mechanical Joint for Cast Iron 


Pressure Pipe and Fittings 


This specification covers a mechanical joint, in sizes 


3 in. to 48 in., for 


cast iron pressure pipe made by pit cast or by centrifugal methods and 


Sec. 11-1—Definitions 


Purchaser. Wherever the word 
“purchaser” is used herein, it shall be 
understood to mean the actual pur- 
chaser of the pipe or his authorized 
agents acting within the scope of the 
duties entrusted to them. 

Manufacturer. The word “manufac- 
turer” means the producer who is mak- 
ing the pipe or fittings and who as- 
sumes the responsibility for the fulfill- 
ment of these specifications. Acces- 
sories, including glands and bolts, may 
he sublet to other manufacturers. Gas- 
kets will in general be made by other 
manufacturers who are not expected to 
permit inspection of manufacturing 
processes without special arrangements. 


Sec. 11-2—Description of Joint 


The mechanical joint is a_ bolted 
joint of the stuffing-box type, as 
shown in Fig. 11.1. Each joint shall 
consist of: [1] a bell cast integrally 
with the pipe or fitting and provided 
with an exterior flange having cored or 
drilled bolt holes and interior annular 
recesses for the sealing gasket and the 
spigot of the pipe or fitting; [2] a pipe 
or fitting spigot; [3] a sealing gasket ; 
[4] a separate cast iron follower gland 
having cored or drilled bolt holes; and 


cast iron pressure fittings, for gas, water, and other liquids. 


[5] cast iron tee-head bolts and hexa- 
gon nuts. 

The joint is designed to permit nor- 
mal expansion, contraction, and deflec- 
tion of the pipeline. 


Sec. 11-3—Pipe and Fittings to 
Which Mechanical Joint Is Ap- 
plicable 


The mechanical joint made under 
these specifications is intended for use 
on cast iron pressure pipe and fittings 
made in accordance with the following 
ASA standard specifications and shall 
be suitable for leakproof assembly 
therewith: 


ASA A212 (AWWA C102)— 
Specifications for Cast Iron Pit Cast 
Pipe for Water or Other Liquids 

ASA A21.3—Specifications for Cast 
Iron Pit Cast Pipe for Gas 

ASA A216 (AWWA C106)- 
Specifications for Cast Tron Pipe Cen 
trifugally Cast in Metal Molds, for 
Water or Other Liquids 

ASA A21.7—Specifications for Cast 
Iron Pipe Centrifugally Cast in Metal 
Molds, for Gas 

ASA A218 (AWWA _ (C108)- 
Specifications for Cast Iron Pipe Cen- 
trifugally Cast in Sand-lined Molds, 
for Water or Other Liquids 


1 


ASA A21.9-—-Specifications for Cast 
[ron Pipe Centrifugally Cast in Sand- 
lined Molds, for Gas 

ASA A21.10 (AWWA C110)— 
Specifications for Short-Body Cast 
Iron Fittings, 3 Inch to 12 Inch, for 
250-psi Water Pressure Plus Water 
Hammer. 


The mechanical joint shall meet all 
applicable requirements of the above 
listed specifications and shall have the 
same pressure rating as the pipe or fit- 
ting of which it is a part. 

Mechanical joints for pipe or fittings 
heyond the scope of such standard 
specifications shall be subject to agree- 
ment between the manufacturer and 
the purchaser. 


Sec. 11-4—Dimensions and Toler- 
ances 


The joint and accessories shall meet 
the dimensions and the tolerances 


shown above them in Table 11.1. 


Sec. 11-5—Bell and Socket 


The hell shall be cast integrally with 
the pipe or fitting and shall meet the 
applicable requirements of the specifi- 
cation under which the pipe or fitting 
is produced. 

The surfaces of the bell and socket 
shall be smooth and free from holes, 
laps, and defects of every nature which 
unfit them for the use for which they 
are intended. The bell and socket shall 
he subject to suitable joint tests for 
leakage. Such tests shall be made at 
sufficiently frequent intervals to assure 
that the joints will be tight when prop- 
erly assembled. 

The annular recesses of the socket, 
the bolt circle, and the bell flange shall 
he concentric within the tolerances of 
Table 11.1. The dimensions of the bell 
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and socket, the bolt circle, and the spac- 
ing of the bolt holes shall be gaged in 
accordance with Table 11.1, at suffi- 
ciently frequent intervals to assure di- 
mensional control. 


Sec. 11-6—Glands 


The iron in the glands shall meet the 
requirements of Class 25 of Standard 
Specifications for Gray Iron Castings 

-ASA G25.1 (ASTM A48). The 
preferred acceptance test under this 
specification shall be the transverse 
test, although the tension test may be 
used for qualification. The minimum 
strengths under this specification are 
shown in the following table: 


1.2-in. Diam. 2-in. Diam. 
Bar, Bar, 
18-in. 24-in. 
Supports, Supprots, 
Load at Load at 
Center Center 
Minimum transverse 
breaking loads. .... 2,000 Ib 6,800 Ib 
Minimum tensile 
25,000 psi 


The annular surfaces of the gland lip 
and the bolt circle shall be concentric. 
Their accuracy within the tolerances 
of Table 11.1 shall he checked by gag- 
ing at sufficiently frequent intervals to 
assure dimensional control. 

The surfaces of the gland shall be 
smooth and free from defects of every 
nature which would unfit them for the 
use intended. 

Glands shall be coated with a bitumi- 
nous dip or paint unless otherwise 
specified. 


Sec. 11-7—Bolt Holes 


Bolt holes for pipe and fittings may 
he drilled or cored. All bolt holes 


shall be free of sand or projections of 
iron that would interfere with the fit 


Drilled holes shall be 


of the bolts. 


* ( 


gaged as to location, at sufficiently fre- 
quent intervals to assure dimensional 
control. All cored holes shall be gaged 
for diameter of bolt circle, location and 
size of holes, and concentricity with 
the socket or gland lip. 


Sec. 11-8—Gaskets 


Manufacture. The gasket shall be 
made of a vulcanized crude-rubber 
compound and, unless otherwise speci- 
fied, the rubber shall be first-grade 
plantation rubber. All surfaces of the 
gaskets shall be smooth except for the 
specified marking, and free from im- 
perfections, and the gaskets shall be 
free from any porosity. Tips or backs, 
if specified for special conditions, shall 
be applied as shown in Fig. 11.2 and 
shall be well bonded to the rubber. 

Service. Plain rubber gaskets are 
standard for joints in water service or 
other service where the gas or liquid 
heing conveyed or the temperature is 
not deteriorating to the gaskets. Tips 
of duck, thiokol-impregnated duck, syn- 
thetic rubber of various kinds, lead, 
and other materials can be applied for 
special services. Duck or other rein- 
forcing material also may be applied 
to the back of the gaskets. Gaskets 
other than plain rubber shall be speci- 
fied on the purchase order. 

Physical Properties and Tests. The 
following tests shall be made by the 
gasket manufacturer in accordance 
with Federal Specification ZZ-R-OGla 
or the equivalent ASTM. specification. 
The test specimen for all tests except 
hardness shall be die cut from routine 
production gaskets. It shall have a 
gage length of 2 in. with a width of 
0.25 in. and a thickness of 0.10 in. 
The gaskets selected for testing shall be 
such as to represent the full range of 
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quality of the lot from which the order 
is to be filled. For each 5,000 gaskets 
produced or for any week’s production 
of less than 5,000 gaskets, at least one 
set of tests shall be made: 


1. Ultimate tensile strength 

2. Ultimate elongation 

3. Elongation at 1,000-psi stress— 
limits: 110-190 per cent 

4. Permanent set—the sample shall 
be clamped for 10 min at the elonga- 
tion produced by 1,000-psi stress, re- 
lieved of load, and measured after 10 
min rest; the permanent set, expressed 
as a percentage of the original gage 
length, shall not exceed 5 per cent 

5. Hardness—hardness tests shall be 
made on each batch of production gas- 
kets; this test shall be made with a 
Type A durometer; the preferred 
hardness is 70-75 durometer. 


Sec. 11-9—Bolts and Nuts 


High-strength, heat-treated cast iron 
tee-head bolts with hexagon nuts shall 
be the standard bolts; they shall be in 
accordance with Fig. 11.3 and meet the 
requirements hereinafter specified. If 
special types of bolts are required by 
the purchaser, agreement as to such 
shall be made at the time of placing 
the order. 

Standard bolts and shall be 
manufactured under close metallurgical 
control, and the finished bolt and nut 
assemblies shall be subject to proof 


nuts 


testing with the load applied between 
the head and the nut in a suitable test 


machine. Proof tests shall be made at 


sufficiently frequent intervals to assure 
conformance with the proof test loads. 
The following proof test loads shall 
be applicable and shall not permanently 
stretch the bolt: 


3 
. 
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Size Proof ‘Test Load 
in. lb 
H 10,000 
15,600 
1 24,500 
1} 40,000 


The bearing surface of the cast nut 
shall be smooth, and the nut shall be 
tapped at right angles to this surface 
to insure axial loading. 

solts and nuts shall be coated with a 
rust-preventing lubricant after thread- 
ing or tapping. They shall be packed 
in suitable containers, which shall be 
marked with the number of bolts, the 
size and type of bolts, and the net 
weight. 


Sec. 11-10—Foundry Kecords 


A record of the specified tests, in- 
cluding those of glands, bolts, and gas- 
kets, shall be made and retained for at 
least one year. Upon request, such 
records will be available to the pur- 
chaser at the foundry. If written tran- 
scripts of the results of any tests are 
desired, this fact shall be noted in the 
order for the material. 


Sec. 11-11—Inspection by Purchaser 
(a) The purchaser shall have access 
at all times to those parts of the manu- 


Ihe successful operation of the me- 
chanical joint specitied requires that the 
spigot be centrally located in the bell and 
that adequate anchorage shall be provided 
where abrupt changes in direction and 
dead ends occur. 

lhe rubber gasket seals most effec- 
tively (particularly when sealing gas) if 
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Notes on Method 


These notes are not parts of the Standard, but are given for information only. 


facturer’s plant which concern the 
manufacture of articles being made for 
him. If the purchaser desires to in- 
spect the manufacture of glands, bolts, 
and gaskets which may be made by 
subcontractors, special arrangements 
must be made therefor at the time of 
placing the order. He may inspect the 
joint material and may reject any of 
the material which is not in conformity 
with the specification. 

()) The manufacturer shall provide 
all tools, testing equipment, materials, 
labor, and facilities necessary for the 
required testing and inspection of the 
joint at the foundry. 

(c) The purchaser shall make written 
report daily to the foundry office of all 
material rejected, with the causes for 
rejection. 


Sec. 11-12—Inspection and Certifica- 
tion by Manufacturer 


Should the purchaser have no in- 
spector at the works, the manufacturer 
shall, if required by the purchaser, fur- 
nish a sworn statement that the inspec- 
tion and all of the tests have been made 
and met as specified. 


of Installation 


the surfaces with which it comes in con- 
tact are brushed thoroughly with a wire 
brush just prior to assembly. This thor- 
ough brushing removes all loose rust or 
foreign material which may be present 
and provides clean surfaces which should 
be brushed with soapy water just prior 
to slipping the gasket over the spigot end 
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A MECHANICAL 


and into the bell. Soapy water brushed 
over the gasket prior to installation also 
removes loose dirt and lubricates the gas- 
ket as it is forced into its retaining space. 
For water and gas service, the normal 
range of bolt torques to be applied to 
standard cast iron bolts in a joint are: 


Range of Torque 
ft-lb 
40— 60 
60- 90 
70-100 
90-120 


The above torque loads may be ap- 
plied with torque measuring or indicat- 
ing wrenches. ‘lorque wrenches may 
be used to check the application of ap- 
proximate torque loads applied by men 
trained to give an average pull on a 
definite length of regular socket 
wrench. ‘The following lengths of 
wrenches should satisfactorily produce 
the above ranges of torques when used 
by the average man: 


JOINT 


Size 


Length of Wrench 
Pal 
10 
12 
14 


When tightening bolts, it 1s essen- 
tial that the gland be brought up to- 


ward the pipe flange evenly, maintain- 
ing approximately the same distance 
between the gland and the face of the 
flange at all points around the socket. 
This may be done by partially tighten- 
ing the bottom bolt first, then the top 
bolt, next the bolts at either side, and 
last, the remaining bolts. Repeat this 
cycle until all bolts are within the above 
range of torques. If effective sealing 
is not attained at the maximum torque 
indicated above, the joint should be 
disassembled and 
thorough cleaning. 


after 
Overstressing of 
holts to compensate for poor installa 
tion practice is to be avoided 


reassembled 
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A MECHANICAL JOINT 


14-48-in. Glands Only 


Long Dimension 


K, J A Doc K 


Fig. 11.1. 3-—48-in. Standard Mechanical-Joint Dimensions (See Table 11.1) 


Notes 


1. The thickness of the bell, S, shall in all instances be equal to, and generally exceeds 
by at least 10 per cent, the nominal wall thickness of the pipe or fitting of which it is a part. 


2. Cored holes may be tapered an additional 0.06 in. in diameter. 


3. In the event of ovalness of the spigot OD, the mean diameter measured by a cir- 
cumferential tape shall not be less than the minimum diameter shown in the table. The 
minor axis shall not be less than the above minimum diameter plus an additional minus 
tolerance of 0.04 in. for sizes 8-12 in., and 0.07 in. for sizes 14-24 in 

4. K, is OD of glands across bolt holes; outside of gland may be polygon shape 

5. Dimensions of 30-48-in. sizes are tentative. 
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12-02 Double Duck 
03 


30° 


3-24-in. Gaskets 


31 in 30° 


SPECIFICATIONS 


12-02 Single Duck (3 in) 


— 12-02 Double Duck 
(4-24 in) 


Bint 


Duck Back or Tip — (3-24 in.) 


Thiokol Tip— (3-24 in.) 


12-07 Single Duck 
03 in 03 in 


06 inal AZ in 


Lead Tip -(3 in.) 


\ 

\ 


D-—inside Diam. of Gasket 


in. 


| 
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30-48 in. Gaskets 


Fig. 11.2. Mechanical-Joint Gaskets (See Table 11.2 and Notes) 
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A MECHANICAL JOINT 


TABLE 11.2 


3-48-in. Mechanical-Joint Gasket Dimensions, in Inches 


Dimensions of Plain Rubber Gaskets 


A G 
+.01 in. 4 +.01 in, +.02 in, 


3.96 AR 
4.80 62 
6.90 62 
9.05 .62 
11.10 62 
13.20 .62 
15.30 62 
17.40 62 
19.50 
21.60 
25.80 
32.00 
38.30 
44.50 
50.80 


3.90 
4.73 
6.80 
8.91 
10.93 
13.00 
15.07 
17.14 
19.21 
21.28 
25.41 


= 
w 


1. 
1. 
1. 
1 
1 
1 


te te be bw bw tw 


* Dimensions are tentative for these sizes. 


Notes 


1. Duck backing can be omitted from lead-tipped gaskets provided sufficient bonding of 
the lead to the rubber is obtained. 

2. Tipped or backed gaskets may be made in the same mold as plain rubber gaskets, but 
the inside diameter of such reinforced portions shall not exceed the “Pipe OD.” 

3. Dimensions of 30-48-in. sizes are tentative. 
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4 16 
6 16 
8 ‘ 
10 16 
12 16 
14 16 
16 16 
20 31 16 | 
24 31 16 
31.50 
36° 37.62 
42° $3.67 
49.80 


AMERICAN STANDARD SPECIFICATIONS 


ASA B18.2 Heavy Unfinished Hex Nut 


.13-in. R max. 


C -Nominal Length Bolt ——————» 


J — min. G-Grip D-Eff. Length Threads > 


| 


Fig. 11.3. Mechanical-Joint Bolts and Nuts 


TABLE 11.3 


Mechanical-Joint Bolt and Nut Dimensions, in Inches 


D Weight ot 
B 100 Bolts 
Nom. Size 0: +12 a : +. J With Nuts 


ix34 3.50 2.00 1.50 
‘x4 4.00 2.00 2.00 


7 75 5.00 2.00 75 | 3.00 
1 x54 ane 00 5.50 2.50 1.00 3.00 
25 609 2.50 1.25 3.50 


* Standard threads per inch, coarse-thread series, Class 2 fittings (ASA B1.1). : . 
Tolerance—tor }-in.: +0.0, —0.04; }-in.: +0.0, —0.06; 1-in.: +9.0, —0.08; 1]-in.: +0.0, —0.10 in. 
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1.062 625 4 
1.25 7 
1.25 75 8 
& 
1.25 93 
1.625 1.00 192 
2.00 1.25 334 
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ADVERTISEMENTS 
ENGINEERS 


Coffin & Richardson, Inc. 
Consulting Engineers 


Water Supply, Sewerage, Flood Control 
Investigation, Design, Valuation 
Incinerators 


68 Devonshire St. .... Boston, Mass. 


FAY, SPOFFORD & THORNDIKE 


ENGINEERS 
Charles M. Spofford Ralph W. Horne 
John Ayer William L. Hyland 
Bion A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 


Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 


Investigations Reports Designs Valuations 
Engineering Supervision 


11 BEACON STREET BOSTON 


HALEY & WARD 
ENGINEERS 
Successors to Frank A. Barbour 


Water Works and Sewerage 
Valuations 
Supervision of Construction and 
Operation 


TREMONT BUILDING BOSTON, MASS. 


MORRIS KNOWLES 


Engineers 


INC. 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Industrial 
Wastes, Valuations, Laboratory, 
City Planning. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 


MALden 2-3800 
Gunite Restoration Co., Inc. 


Specializing in Pressure Concrete and 
Grouting 


595 Broadway, Malden 48, Mass. 


METCALF & EDDY 
ENGINEERS 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Airfields Valuations 


Statler Building 
Boston 16 


R. E. CHAPMAN COMPANY 


Oakdale, Massachusetts 


GRAVEL DEVELOPED AND 
GRAVEL PACKED WELLS 


All Sizes to 60” Diameter 
Best Equipped for Complete Test Drilling and 
Development of Large Supplies 


5-3727 
Tel. WEST BOYLSTON 5.3221 


IRVING B. CROSBY 


Consulting Engineering Geologist 
Investigations and Reports 
Dams, Reservoirs, Tunnels, Ground 
Water Resources and Supplies 


6 Beacon Street, Boston 8, Mass. 


CAMP, DRESSER & McKEE 


Consulting Engineers 


6 Beacon Street 
Boston 8, Massachusetts 


Water Works and Water Treatment; Sewerage 
and Sewage Treatment; Municipal and Indus- 
trial Wastes; Investigations and Reports; De- 
sign and Supervision; Research and Develop- 
ment; Flood Control. 


LEGGETTE & BRASHEARS 


Consulting Ground Water Geologists 


Water Supply Salt Water Problems 
Investigations 


Reports 


Dewatering 


Recharging 


551 Fifth Avenue New York 17, N. Y. 
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Malcolm Pirnie Engineers 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 

Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd St. New York 36, N. Y. 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Sewerage 
Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER COMPANY, INC, 


ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurements & Special 
Hydraulic Investigations 


50 Church Street New York City 


WHITMAN & HOWARD 


Engineers 
Established 1869 


Investigations, Designs, Estimates, 

Reports and Supervision, Valua- 

tions, ete., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


Charles A. Maguire & 


Associates 


Engineers 


294 WASHINGTON ST. BOSTON, MASS. 


Cement Lined Service Pipe 


Cement lined pipe has eliminated 
corrosion and metal contamination 
for 60 years. 


Write for Literature 


Cement Lined Pipe Co. 
Lynn, Massachusetts 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - Kirkland 7-1438 
Cambridge, Massachusetts 


PIERCE -PERRY CO. 
Wholesalers of 
Water Works Brass Goods 
Byers Wrought Iron Pipe 
Youngstown Steel Pipe 
Valve and Service Boxes 


236 Congress St., Boston, Mass. 
Telephone, HAncock 6-7817 6-7818 


C. Reppucci & Sons, Ine. 


General Contractors 


Ground Water Supply 
Gravel Packed Wells Driven Wells 
Water Works Reservoirs 
Drainage and Sewerage Works 


10 Garden Court St., Boston, Mass. 
(Tel. LAfayette 3-7330) 


LAYNE - NEW YORK CO. 


Inc. 

SUCCESSORS TO 
Layne-Bowler New England Corp. 
Well Water Supply Contractors 
New England Headquarters 


15 Ryder Street, Arlington, Mass. 
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Hazen and Sawyer 
ENGINEERS 
RicHArD HAZEN ALFRED W. SAWYER 


Municipal! and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd St. New York 17, N. Y. 
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maintenance paint 


COSTS 


with Silica-Graphite Paints! 


This FREE Bulletin shows how! Write for it today! 


Just out! This new Dixon bulletin actually can save you up to half your 
tank painting costs. It explains, in non-technical language, how the unique 
overlapping pigment flakes of Dixon Silica-Graphite Paints form a heavier, 
stronger paint film that resists cracking and chipping and protects longer. 
Users of Dixon Flake Silica-Graphite Paints report 9 to 10 years between 
paintings, against an average of 5 years or less for other paints. Get the 
whole money-saving story from this new Dixon bulletin. It's FREE! Write 
for your copy today! 


Write for your 


FREE 


Paint Products Division 


JOSEPH DIXON CRUCIBLE COMPANY 


80 Federal St., Boston 10, Massachusetts Tel. LI. 2-9487 


Nis | 
Includes 16 actual 
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HERSEY WATER METER POPULARITY 
Is Greater Today Than Ever 
REASON: The basic engineering design has never been equaled 


HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 
NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 


BRANCH OFFICES: 
SAN FRANCISCO — LOS ANGELES 
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For all-round economy, 


specify 


Every community is inter- 
ested in saving money— 
which is why so many de- 
cide on water mains of 
“Century” pressure pipe! 


Right from the first this 
sturdy piping helps keep costs 
low. Because it is light and 
easy to handle, work crews 
move and lay it more 
efficiently. The Simplex 
Coupling allows curves to be 
made economically and quickly 
up to five degrees at each joint. 


And as the years pass, 
“Century”’ pipe stays eco- 
nomical. It keeps on serving at 
full flow longer because it can- 
not rust, will not tuberculate, 


and actually grows stronger 
with age! 


If you should like more infor- 
mation about this economical 
pipe, write for your free copy 
of “Mains Without Mainte- 
nance’ —an authoritative 
booklet containing data of 
value to anyone interested in 
water main pipes. Write today! 


“Century” pipe, Class 150, ready for 
laying in trench in Oakland, Oklahoma. : 


Nature made asbestos . . 
Keasbey & Mattison has made (4 
it serve mankind since 1873 


KEASBEY & MATTISON 
COMPANY + AMBLER + PENNSYLVANIA 
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the meter used by thousands 
of in the US 
ond abroad 


SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
LOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted 
with the design and performance advantages 

which make Worthington Gamon 

Watch Dog Warer Meters first chowe of so many 
municipalities and private water Compames 


an the United States 


ADVERTISEMENTS. 


WATCH DOG WATER METERS 
*Watch Dog” models mode im stondord capacities from 
80 gpm vp trost-proot ond spit cose in household wees Disc 
type, Turbine type of Compourd type. Write for Butietin. 


WORTHINGTON-GAMON 
METER DIVISION 


Worthington Corporation 
296 South St., Newark 5, New Jersey 
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ADVERTISEMENTS. 


(8 ustomer service is an important job for any manufacturer who makes a 
product that stays in use for a long time. It's especially important for Trident meters, 
many of which have been known to last 50 years and more. 
That's why Neptune decided many years ago that the best way 
to sell more water meters . . . was to help you get better service from the ones you have. 
Your Neptune salesman is a trained expert on meter repairs 
and metering practice. He's anxious to pass this knowledge along to you 
He'll conduct informal classes in your shops . demonstrate new wrinkles 
advise on systems of testing and maintenance. If you've 
inexperienced men to train, he'll arrange 
@ training course for them at the nearest Neptune branch. 
His job is to help you do your job better. His services are 
yours for the asking. Please don't hesitate to ask. 


NEPTUNE METER COMPANY 


50 West 50th Street © New York 20,N. Y. | ‘ 


NEPTUNE METERS, LTD. 
1430 Lakeshore Road @ Toronto 14, Ontario 


Branch Offices in Principal 
American and Canadian Cities 


BRANCH OFFICE SERVING NEW ENGLAND e 250 STUART STREET, BOSTON 16, MASS 
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x ADVERTISEMENTS. 


INCRUSTATION 


SEDIMENTATION 


National knows how to work quickly reducing supplementary 
labor costs and service interruptions. 


National knows how to clean the difficult jobs, including 
hard incrustations, unusual obstructions and pipes of 
unusually large or small diameter. 


National knows how to clean long runs with a minimum 
number of pipe entries. 


National knows how to avoid trouble, such as can occur 
from improper provision for drainage of flush water 
from large mains or from the use of excessive pressures. 


National knows how to clean so thoroughly that restoration 
of 95% of the original pipe capacity is guaranteed. 


National Know-How comes from over 40 years of 
experience cleaning water mains. 


Write or call today for information and prices. 


TIONAL water MAIN CLEANING COMPANY 
50 Church Street - New York, N.Y. 


ATLANTA, GA., 333 Candler Building © BERKELEY, CALIF., 905 Grayson Street © DECATUR, GA., 
P. O. Box 385 @ BOSTON, MASS., 115 Peterboro Street © CHICAGO, 122 So. Michigan Avenue ® 
ERIE, PA., 439 E. 6th Street © FLANDREAU, S.D., 315 N. Crescent Street © KANSAS CITY, MO., 
406 Merchandise Mart and 2201 Grand Avenue ® LITTLE FALLS, N.J., Box 91 © LOS ANGELES, 
5075 Santa Fe Avenue © MINNEAPOLIS, MINN., 200 Lumber Exchange Building © RICHMOND, 
VA., 210 E. Franklin Street © SALT LAKE CITY, 149-151 W. Second South Street © SIGNAL 
MOUNTAIN, TENNESSEE, 203 Slayton Street * MONTREAL, CANADA, 2032 Union Avenue ® 
WINNIPEG, CANADA, 576 Wall Street © HAVANA, CUBA, Lawrence H. Daniels, P. O. Box 
531 @® SAN JUAN, PUERTO RICO, Luis F. Caratini, Apurtado 2184. 
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Strength 


Homogenized Tightness 
SELF CAULKING COMPOUND one 
Every bag of BOND-O is a bag —— 
of perfect jointing compound. 


NORTHROP & CO. INC. 
SPRING VALLEY, NEW YORK 


Prompt deliveries from nearby plant at Berlin, N. H. 


A PRODUCT OF any 


Berlin, NEW HAMPSHIRE 
SALES OFFICE: 465 CONGRESS ST., PORTLAND, MAINE. Tel. Portland 2-2829 


ANNOUNCEMENT 
OUR NEW ADDRESS |S 


H. R. Prescott & Sons, Inc. 


Box 7, Greendale Branch, Worcester 6, Mass. 
Telephone West Boylston 5-3863 


Over 35 Years of Dependable Service in 
New England on Quality 


WATER WORKS SUPPLIES 


Write for Our General Catalog 


| 

Liguid Chlorine and 
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Ting rhe fect 
with pet 


POWDER OR PIGS — WITH FIBREX 


[HYDRO-TITE? MAKE PERFECT JOINTS FIBREX 


Working Samples on Request. 
(POWDER) 


(HYDRO-TITE) (REELS) 
(LITTLEPIGS) 


HYDRAULIC DEVELOPMENT CORPORATION 


Mein Seles Office $0 Church Street, New York ral Offices and Works W. Medford Station, Boston, Mass. 
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Tel. SUDBURY 458 P. O. BOX 153 


HILCO SUPPLY 


delivers 


A Complete Line of Waterworks 
Supplies To All New England 


Quality Products — Fast, Courteous and Dependable Service 


At the Junction of Routes 20 and 27 
SOUTH SUDBURY, MASSACHUSETTS 


LIGHTWEIGHT MODEL 


One Man Operation 


Catalog No. 25F 
On Request 
JOSEPH G. POLLARD CO., 
Inc. 
Pipe Line Equipment 
New Hyde Park New York 
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ADVERTISEMENTS. 


For installing corporation stops under pressure, 
this is the sofest, surest, most easily-handled and, 
without sacrifice of inherent strength, the lightest = 
corporation tapping machine ever made. it is so compact 
that it is ideal for making taps where space is limited, 


it is the new Welsbach-Kitson Corporation 

Tapping Machine—an improved model ofthe 

popular Smith-Shelly Tapping Machine, 

equipped now with a flat chain and 

adaptor that provides positive 

non-slip pipe-gripping action... 

which makes if an even better 

machine than before. And in keeping 

with the simplicity of operation of this 

popular machine, the new adaptor, 

which gives positive pipe-gripping 
action, is easy to set and helps : 


speed the operation. 


with the new 
POSITIVE, NON-SLIP 
PIPE-GRIPPING ACTION! 


BACH CORPORATION 
“/Citson Valve Division 
1500 Walnut Street, Philadelphia 2, Po. a 
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KENNEDY Fig. 0611 iron- 
body bronze mounted gote 
valve with solid wedge disc. 


KENNEDY Fig 106 swing 
check valve. tron-body, 
bronze-mounted. Avail- 
able with bronze, leather 
or iron discs. 


CENIBIF 


How proper valving assures easy maintenance 
of centrifugal pumping systems 


In the diagram, you will note that there is a gate valve on either side of the 
pump. 

On the suction side, it is connected directly with the pump. On the dis- 
charge side, the swing check valve should be located between the pump 
and the gate valve. 

With this set-up, the flow can be readily shut off between the two gate 
valves to provide fast, easy repacking or other maintenance on the pump 
or check valve. And in a multiple pumping system, any one of the 
pumps can be shut down while the others continue to operate. 


KENNEDY $C): 3088398 iron-body gate and swing check valves are 


ideally suited to this application. They are designed and constructed for 
heavy-duty service with water, oil, gas or any fluids that will not corrode 
bronze or iron. The rising stem on. the KENNEDY outside screw and yoke 
gate valves tells whether valves are open or closed. KENNEDY swing check 
valves have readily removable cap for easy inspection or adjustment. 


THE COMPLETE LINE OF KENNEDY JOB-FITTED valves and 
INSPECTED fittings is sold through local distributors, ready 
to give you fast and convenient service. 


KENNEDY 


Est. 1877 VALVE IAFG. CO. + ELMIRA, N.Y. 
VALVES + PIPE FITTINGS « FIRE HYDRANTS 
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DE LAVAL at East et R. 


In 1924 a De Lavat 1200 GPM, 150 HP Motor-Driven Pump was 
installed. The pump operated continuously since that time. 


When increased consumption of water made it necessary to provide 
larger pumping facilities in 1952, another De Lava 2100 GPM, 
300 HP motor-driven unit was installed under the supervision of 
Charles A. Maguire & Associates, Engineers. 


TURBINE EQUIPMENT COMPANY OF 
NEW ENGLAND 
80 Federal Street Phone Liberty 2-5993 Boston 10, Mass. 


New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 
TRENTON, NEW JERSEY 
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Here’s Dual Economy— 


HAYS DUO-STOP . . . Corporation Stop and saddle 
combined for installation on small service lines. 

HAYS Main Drilling Machine . . . an economical 
device for drilling the main, through the Duo-Stop or 
other types of Corporation Stops. 

These are only two of the hundreds of items in the 
complete Water Works line made by HAYS. 


Write for literature or ask “The Man from Hays” 


Water Works Products 


HAYS MANUFACTURING CO. 
ERIE, PA. 
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Because it is designed for 
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continued high carrying capacity and will not tuberculate.. . 


Transité: 


Pressure Pipe 


reduces the operating cost of your system 


It has been proved again and again 
—through performance records— 
that Transite* Pressure Pipe reduces 
pipe line operating Costs. 

There’s good reason for this. Be- 
cause of Transite Pipe’s smooth 
inner surface and asbestos-cement 
composition, its initial high flow 
capacity (C= 140) can never be re- 
duced by tuberculation. This absence 
of tuberculation is an assurance that 
a full flow of water will be maintained 
for years to come. Pumps can be 
operated closer to peak efficiency, 
therefore pumping costs can be held 
to a minimum. 

There are many other ways in 
which Transite Pressure Pipe cuts 
costs ... not only for operation but 
also for installation and maintenance: 


@ It enables the use of smaller pipe sizes— 
because systems can be designed without 
allowance for future flow reduction due to 
tuberculation. 


@ It is light in weight, easy to handle, fast 
and economical to install. 


@ Itsfactory-made joints are easily assembled 
stay tight in service, reduce water losses. 


@ Itshigh corrosion resistance assures main- 
tenance-free performance in a wide variety 
of soils. 


Why not find out more about this 
durable, cost reducing pipe? Many 
of its installation and operating ad- 
vantages are illustrated in detail in 
our Pressure Pipe Brochure TR-11A. 
For your copy, write Johns-Manville, 
Box 60, New York 16, N. Y. 


*Transite is a Johns-Manville registered trademark 


Yi) Johns-Manville TRANSITE “cn PRESSURE PIPE 


| 
| means high corry- 
| capacity. 
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one of the trunnions on the ball. A convex surface at 
the base of each trunnion fits a concave surface on the 
back of the gate. This allows the gates to adjust them- 
selves properly to their seats. ... The gate, being free 
| to revolve on the trunnions, do not always seat in the 
| same position. Gates are center bearing and adjustable. 
| They are forced to their seats with equal pressure at 
| all points. There are two hooks on the ball on sizes 
4inch and larger, which loosely engage with the gates. 


Valves and Hydrants 


Distinctive Features of the EDDY Valves 


| NLY three parts are moved by the Stem — the 
| ball and the two gates. Each gate is hung from 
| 


Distinctive Features of Our New Swivel 


Top Hydrants 


HIS new hydrant has all the advantages of the 
popular EDDY fire hydrant, plus several additional 
features. . . . Nozzles are in a short flanged section of 
the standpipe, which may be unbolted and turned to 
different positions. . . . Should the standpipe be broken, 
only the casting below the swivel head need be replaced. 


- + To raise the hydrant to conform to a 
new grading, simply insert a flanged extension 
piece below the swivelhead. No digging. To 
add a steamer nozzle at any time, it is only 
necessary to replace the swivel head with one 
having a steamer nozzle. 


Besides valves and hydrants to meet the most 
exacting demands of waterworks service, the 
complete EDDY Line includes: valves for 
sewage disposal works; valves for steam, gas 
and oil; check valves, foot valves, plug 
valves, shear gates, indicator posts, ete. 
EDDY valves are made in three classes: Iron 


Body Bronze Mounted, All Bronze, and All 
Iron Valves. 


Eddy Valve Co. 


WATERFORD NEW YORK 
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pedigree 
is no 
accident... 


Just as a show-dog’s winning pedigree is no 
accident, neither is the pedigree of a Wallace 
& Tiernan Chlorinator. Both are distinctive and 
reflect the result of years of selection, training 


and experience. 


Selection, in the sense of progressive. labora- 
tory-tested improvements in design and construc- 
tion . . . Improvements which increase the value 
of dependability “inbred” in W&T Equipment 
for forty years. 


Training, in the sense of a nation-wide staff 
of Chlorination Specialists, equipped to give 
prompt service and installation advice on all 
W&T Equipment. 


Experience, in the sense of the many thou- 
sands of W&T Chlorinator installations, now 
meeting the particular daily chlorination require- 


ments of communities all over the world. 


The pedigree of a W&T Chlorinator is an open 
book. Why not write for a free introductory 
chapter today? 60s 


xx 
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ATTENTION 


IS THIS JOURNAL PROPERLY ADDRESSED? 


If not, please send this notice to the Office of the Secretary, 73 


Tremont Street, Boston 8, Mass.. giving the correct information. 


Name 


Dept. or Company Street and Number 


~ Warren F oundry & Pipe Corp. 


SALES OFFICES 


55 LIBERTY STREET, NEW YORK 
75 FEDERAL STREET, BOSTON, MASS. 


Tel. Liberty 2-7979 


Manufacturers of ; 


CAST IRON PIPE 


Flanged Pipe Flexible Joint Pipe 
Bell and Spigot Pipe 
Special Castings Short Body B. & S. Specials 
Warren (W) Spun Centrifugally Cast Iron Pipe 


WORKS: PHILLIPSBURG, N. J. and EVERETT, MASS. 


Large Stock Enables Us to Make Prompt Shipments 


— 
Title 
—— 
| ! 
City State 
——— 2 
| 
| 
| | 
| 
| | 
| | | | 
| 
| | 
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Get Full Garden F Old Mains 


The most practical way to meet today’s overload 
demand is to clean clogged water mains. FLEXIBLE 
Underground Pipe Cleaning Co., specializes in such 
jobs— any size—2” to 72”. 


RAY BAHR 


41 GREENWAY, HAMDEN, CONNECTICUT 


New England 


: Pipe Founders Sales Corporation 
CAST IRON PIPE AND FITTINGS 


FOR 


Water, Steam, Gas and Culverts 


Special Flanged and Bell and Spigot Castings 


Lyncast Iron Chemical Castings 


Office: 131 State Street, Boston 9 Warehouse and Yard: East Cambridge, Mass. 


Burns L-P Gas (commonly known 


as “Bottled 
tested and 


mately 50 lbs. of lead in 9 minutes. 
Flame can be adjusted to maintain 
desired temperature. One cylinder 


of gas will 
hours. 


WATER SUPERINTENDENTS: 


Pollard L-P Gas Burner Furnaces 


Cylinders are made of armor plate. 


Catalog No. 25 FA on Request 


Consider the Advantages of 


Gas”). ‘Thoroughly 


Melts approxi- 


operate units for many 


JOSEPH G. POLLARD CO., Inc. 
PIPE LINE EQUIPMENT 


NEW HYDE PARK NEW YORK 
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ALTITUDE VALVE 


1. Single Acting 
2. Double Acting 


ADVERTISEMENTS. 


1879 


AUTOMATIC VALVES 


xxiii 


Controls elevation 
of water 
in 
tanks, basins 
and 
reservoirs 


REDUCING VALVE 


different pressures, etc. 


Maintains 
desired discharge 
pressure 
regardless 
of change 
in 
rate of flow 


Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 


FLOAT VALVE 


Maintains 
levels in tank, 
reservoir 
or basin 


l. As 


acting 


2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


direct 


A self contained 
unit, with 
controls 
three or more 
automatic 


COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution and 
pump 
discharge 


Electric 


remote control — 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or second- 
ary control on any of the hydraulically 
controlled or operated valves. 


ROSS VALVE MFG. CO., INC. Box 592 TROY, N.Y. 


* 
4 | 
SURGE-RELIEF VALVE 
— 
a 
| 


Provides Gravity 
Pressure 


The Horton elevated tank shown 
at the left maintains gravity pressure 
in the water distribution mains at 
Sufheld, Conn. It is a welded struc- 
ture, 70 ft. to bottom, and has a 
capacity of 300,000 gallons. When- 
ever you are making plans for munici- 
pal or private water works improve- 
ments, write for estimates on elevated 
tanks, steel reservoirs or standpipes. 


CHICAGO BRIDGE & IRON COMPANY 
20! Devonshire Street, Boston, Massachusetts 
Eastern Plant — Greenville, Pa. 


Attention Mr. Water Works Superintendent | | 
CEMENT LINED SERVICE PIPE:— 


Resists Corrosion 
Has proven practical for three-quarters of a century 


Immediate delivery on both wrought iron and steel, black or galvanized. 
Pollard Pipe Line Equipment and Tools Pollard L. P. Gas Burner Furnaces 
Crescent Diaphragm Pumps 


“SPECIFY EUREKA PIPE" 


EUREKA PIPE COMPANY, Inc. 


Manufacturers of CENTRIFUGAL CEMENT LINED PIPE and 
LEAD AND TIN LINED FiTTINGS 


591-593 Washington St. Tel. Ly 3-9550 Lynn, Mass. 


R. H. WHITE CONSTRUCTION CO., Ine. 
GENERAL CONTRACTORS 


Water Mains Pumping Stations 
Pumping Machinery Stand pipe Foundations 
Sewerage Disposal 


41 CENTRAL ST., AUBURN, MASSACHUSETTS 
(Tel. Auburn 8121) 
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Modernization with Rensselaer 
The Old Port Washington, Wisconsin, Water plant is now one 
of the most modern filter plants in the country. 

The illustration shows the pump room, entirely equipped with 
Rensselaer gate and check valves. All gate valves 4 inch and 
larger in the entire plant are also Rensselaer. 

Rensselaer products are well above specifications not only 
in general characteristics but in the thickness of metal at im- 
portant points. They are designed with the “know how” which 
goes back to the early days of water systems, and they are 
built by technicians many of whom have been with the Com- 
pany 35 years or more. 

You don’t have to build a new plant in order to modernize 
with Rensselaer. Ask our local representative why a replacement 
of a troublesome check valve will eliminate slam—why Rensselaer 


tapping sleeves save time, and why Rensselaer hydrants and 
valves will save maintenance on your service extensions. 


Rensselaer vave company reov, 


ATE VALVES « FIRE HYDRANTS + SQUARE BOTTOM VALVES «+ CHECK VALVES « AIR RELEASE VALVE 


A SUBSIDIARY OF NEPTUNE METER COMPANY 
Sales representatives in principal cities 
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72nd 


Annual Convention 


NEW ENGLAND 
WATER WORKS ASSOCIATION 


. September 26, 29, 30, 1955 


POLAND SPRING HOUSE 
Poland Spring, Maine 
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ASBESTOS-CEMENT PIPE. 
Seasbey & Mattison Company 
BRASS GOODS. 

Eureka Cement Lined Pipe Co. 
Hays Mig. Co. 

Hilco Supply 

Mueller Co. 

Pierce-Perry Co. 
Smith Mfg. Co., The A. P. 


CALKING MACHINERY AND TOOLS. 


Hydraulic Development Corp. 
Mueller Co. 
Northrop & Co. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS 


CAST IRON PIPE. (See Pipe, Cast Iron) 


CEMENT LINED PIPE. (See Pipe, Cement Lined.) 


CHEMICAL FEED APPARATUS. 


% Proportioneers, Inc. % 

Wallace & Tiernan Co., Inc. 
CHLORINATORS. 

% Proportioneers, Inc. % 

Wallace & Tiernan Co., Ine. 
CLEANING WATER MAINS. 


Builders-Providence, Inc. (Divn. of Builders Iron Fdry.) 


Suilders-Providence, Inc. (Divn. of Builders Iron Fdry.) Following front 


Flexible Underground Pipe Cleaning Co. 
National Water Main Cleaning Co. 


COCKS, CURBS AND CORPORATIONS. 


Eureka Cement Lined Pipe Co. 
Hays Mig. Co 

Mueller Co. 

Pierce-Perry Co. 

Smith Mfg. Co., The A. P. 


CONCRETE PIPE. (See Pipe, Concrete.) 


CONTRACTORS’ EQUIPMENT. 
Hydraulic Development Corp. 
Northrop & Co. 

CONTRACTORS. 

Layne-New York Co. 
Maher, D. L. Co. 
Reppucci, C. & Sons 

White Construction Co., R. H. 

COUPLINGS, FLEXIBLE PIPE 
Johns-Manville 

CURB BOXES. 

Eureka Cement Lined Pipe Co. 
Hays Mfg. Co. 

Hileo Supply 

Mueller Co, 

Pierce-Perry Co. 

H. R. Prescott & Sons, Ine. 

DIAPHRAGMS, PUMPS. 

% Proportioneers, Inc. % 

ENGINEERS. 

Camp, Dresser & McKee 

Coftin & Richardson 

Crosby, Irving B. 

Fay, Spofford nad Thorndike 

Haley and Ward 

Hazen & Sawyer 

Knowles Morris, Ine 

Leggette & Brashears 

Maguire & Associates, Charles 

Metcalf and Eddy 

Pirnie Engineers, Malcolm 

Pitometer Co 

Weston and Sampson 

Whitman and Howard 
ENGINES. (See Pumps and 


EQUIPMENT. (See Contractors’ 
FEED WATER FILTERS. 


or 


+ Proportioneers, Inc. % 


Ross Valve Mfg. Co., Inc. 


Pumping 


Engines.) 


Equipment.) 
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FILTRATION PLANT EQUIPMENT. : 
Builders-Providence, Inc. (Divn. of Builders Iron Fdry.) Following front cover 


Proportioneers, Inc. % 

FLAP VALVES. 

Eddy Valve Co. 

FLEXIBLE JOINTS. 

U. S. Pipe and Foundry Co. 

FURNACES. 

Hilco Supply 

Hydraulic Development Corp. 
Leadite Co., The 

Mueller Co. 

Northrop & Co. 

Pollard, Co., Joseph G. 

H. R. Prescott & Sons, Inc. 

GAS HOLDERS. 

Chicago Bridge and tron Co. 

GATE VALVES. (See Valves.) 
Gunite-Restoration Co., Inc. 

HOSE, SUCTION AND CONDUCTION. 
1. R. Prescott & Sons, Inc. 

HYDRANTS, FIRE. 

Eddy Valve Co. 

Hilco Supply 

Kennedy Valve Mfg. Co. 

Mueller Co. 

H. R. Prescott & Sons, Inc. 

Rensselaer Valve Co. 

Smith Mfg. Co., The A. P. 

Wood, R. D., Co. 
HYDRANTS, PUMPS. 

Hileo Supply 

H. R. Prescott & Sons, Inc. 
LEAD PIPE. (See Pipe, Lead.) 
LIQUID CHLORINE. 

Brown Co. 

METERS, OIL AND WATER. 
Badger Meter Mfg. Co. 
Builders-Providence, Inc. (Divn. of Builders Iron 
Hersey Mig. Co. 

Neptune Meter Co. 

Pipe Founders Sales Corp. 
Pittsburgh Equitable Meter Divn. 
Worthington-Gamon Meter Divn. 

METER COUPLINGS. 

Badger Meter Mfg. Co. 
Ford Meter Co. 

Hays Mig. Co. 

Hersey Mfg. Co. 

Mueller Co. 

Neptune Meter Co. 

Smith Mfg. Co., The A. P. 
Worthington-Gamon Meter Divn. 

METERS (Venturi Type.) 

Builders- Providence, Inc. (Divn. of Builders Tron 

METER BOXES. 

Ford Meter Co. 
Mueller Co, 

METER TESTERS. 

Badger Meter Mfg. Co. 
Ford Meter C.o 

Mueller Co. 

Neptune Meter Co. 

OIL ENGINES. 

Fairbanks, Morse & Co. 

OZONATION EQUIPMENT. 
Welsbach Corp. 

PAINTS. 

Jos. Dixon Crucible Co. 

PIPE, ASBESTOS-CEMENT. 

Johns-Manville 

Keasbey & Mattison Company 
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PIPE, BRASS. 
Hilco Supply 
Pierce-Perry Co. 
R. Prescott & Sons, Inc. 


PIPE, CAST LRON (and Fitti 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


) 
Builders-Providence, Inc. (Divn. of Builders Iron Fdry.) Following front 


Cast Research Association 
Hilco 
gs Founders Sales Corp. 

R. Prescott & Sons, Inc. 


U S. Cast Iron Pipe and Foundry Co. 


Warren Foundry and Pipe Co. 
Wood, R. D., Co. 


PIPE, CEMENT LINED. 
Cast Iron Pipe Research Association 
Cement Lined Pipe Co. 
Eureka Cement Lined Pipe Co. 
Founders Sales Corp. 


U. S. Cast Iron Pipe and Foundry Co. 


PIPE, COATING AND LININGS. 
Centriline Corp. 
Koppers Company, Inc. 
PIPE, CONCRETE. 
Lock Joint Pipe Co. 
PIPE CUTTING MACHINES. 
Pollard, Co., Joseph G. 
Smith Mfg. Co., The A. P. 
PIPE JOINTING MATERIAL. 
Hilco Supply 
Hydraulic Development Corp. 
Leadite Co. The 
Northrop & Co. 
PIPE, LEAD. 
Pierce-Perry Co. 
INING. 
entriline Corp. 


PIPE, PRESTRESSED CONCRETE. 
Lock Joint Pipe Co. 


PIPE 


PIPE, WROUGHT IRON AND STEEL. 
Pierce-Perry Co. 
PLUG VALVES. 

Eddy Valve Co. 

Hays Mfg. Co. 

Mueller Co. 

Pittsburgh Equitable Meter Divn. 


PITOMETERS. 


Pitometer Co., Engrs. 
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PORTABLE AIR COMPRESSORS. (See Air Compressors.) 


PRESSURE REGULATORS. 
Hileo Supply 
Mueller Co. 
Pittsburgh Equitable Meter Divn. 
H. R. Prescott & Sons, Inc. 
Ross Valve Mfg. Co., Inc. 


PROVERS, WATER. 
Badger Meter Mfg. Co. 


PUMPS AND PUMPING MACHINES. 

Fairbanks, Morse & Co 

Layne-New York Co., ‘Inc. 

Hileo Supply 

Maher Co., D. 

Morris Machine “Works 

H. R. Prescott & Sons, Inc. 

Ross Valve Mfg. Co., Inc. 
Turbine Equipment Co 
White Construction Co., R. H. 


RATE CONTROLLERS AND GAUGES. 
Badger Meter Mfg. Co. 
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STILL IN SERVICE 


We are stating a fact and you don’t have to take our word 
for it. We refer you to one of the most important fact- 
finding jobs ever undertaken by the water works industry 
— the recently completed survey of the service life of 
water works facilities. This survey was sponsored by three 
water works associations. 


The survey shows that 96% of all the cast iron water 
mains ever iaid by 25 representative cities in sizes 6-inch 
and larger are still in service. 


A detailed report of the survey has recently been pub- 
lished by the American Water Works Association. We 
have reprinted, by permission, the facts pertaining to cast 
iron water mains in a brochure which will be sent on 
request. Write to Cast Iron Research Association, Thomas 
F. Wolfe, Managing Director, 122 South Michigan Ave., 
Chicago 3, Ill. 


(CAST IRON PIPE 
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Lithographed on stone for U. S. Pipe and Foundry Co. by John A. Noble, A. N. A. 


P ire LINE CREWS encounter all kinds 

of conditions from deep woods to the congested 
streets in the heart of a large city’s business 
district. This cast iron pipe installation could be 
either a water supply line from a mountain reservoir 
or a sewer force main leading to a remote treatment 
plant. If it were a gas transmission line it would, 


of course, be mechanical jo:nt pipe. 


U. S. cast iron pipe in sizes from 2-inch 


through 24-inch are cast centrifugally in metal t 
molds with bell-and-spigot, mechanical joints and cas iron. 


plain ends. The pit cast process is used in 
producing all sizes of flexible joint and flange pipe ; 
as well as all pipe 30-inch and larger. Highly ° 


developed production controls guard the uniformly 


high quality of U. S. Cast Iron Pipe. FOR WATER. GAS. SEWERAGE 
AND INDUSTRIAL SERVICE 


United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U. S. A. 


The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
with reports of the discussions. Many of the contributions are from 
writers of the highest standing in their sedhuialen. It affords a convenient 
medium for the interchange of information and experience between the 
members, who are so widely separated as to find frequent meetings an im- 
Its — has the of rojectors; 
re is a large and i i or its issues, and every addition to its 
is aid in extending its field of usefulness. 
All members of the Association receive the JourNaL for three dollars per 
annum which sum is included in their annual dues; to all others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


HE attention of parties dealing in goods used by Water Department is 
called to the JourNAL oF THE New EncLanp Water Works AssociaTIon 
as an advertising medium. 

Its subscribers include the principal Water Works ENcINEERS AND Con- 
TRACTORS in the United States. The paid circulation is 1,100 copies. 


Being est interest to Water Works 
officials it is PRESERVED and constantly REFERRED TO BY THEM, and 
advertisers are thus more certain to REACH BUYERS than by any other 


The Journat is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


A sample copy will be sent on application. 
For further information address the Advertising Agent 


Maras. Auice R. 
73 Tremont STREET, 
Boston 8, Massacuusetts 


means. 
ADVERTISING RATES 
One Issue Four Issues 
One Page $ 48.00 $120.00 om 
Half Page 30.00 75.00 
Quarter Pa 18.00 45.00 
Eighth Pag 11,00 27.00 o 
One Page, 68.00 272.00 
Back Cover 100.00 250.00 
Size of page, 4% x 7% net. 


COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches”—Saves time in preparation—Saves 


time in handling on the job—Saves in freight and hauling 
charges 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 
Girard Trust Compatiy Building — Philadelphia, Penna. 


No 0 Caulkir ng) 


300 LS 
3 
2 & 


